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TITLE OF THE INVENTION 

GAMMA-HYDR0XY~2-(FLU0R0ALKYLAMIN0CARB0NYL)~1-PIPERA2INEPENTANAMIDES AS HIV 
PROTEASE INHIBITORS 

5 FIELD OF THE INVENTION 

The present invention is directed to Y-hydroxy-2- 
(fluoroalkylaminocarbonyl)-l-piperazinepentananndde compounds, their 
pharmaceutically acceptable salts, their synthesis, and their use as inhibitors of HTV 
protease. The compounds of the present invention are useful for preventing or 
10 treating infection by HIV and for treating AIDS. 

References are made throughout this application to various 
publications in order to more fully describe the state of the art to which this invention 
pertains. The disclosures of these references are hereby incorporated by reference in 
their entireties for all puiposes. 

15 

BACKGROUND OF THE INVENTION 

A retrovirus designated human immunodeficiency virus (HIV) is 
the etiological agent of the complex disease that includes progressive destruction 
of the immune system (acquired immune deficiency syndrome; AIDS) and 

20 degeneration of the central and peripheral nervous system. This virus was 

previously known as LAV, HTLV-HI. or ARV. A common feature of retrovirus 
replication is the extensive post-translational processing of precursor polyproteins 
by a virally encoded protease to generate mature viral proteins required for virus 
assembly and function. Inhibition of this processing prevents the production of 

25 normally infectious virus. For example. Kohl et al., Proc. Natl Acad, ScL 1988, 
85: 4686, demonstrated that genetic inactivation of the HTV encoded protease 
resulted in the production of immature, non-infectious virus particles. These 
results indicated that inhibition of the HTV protease represents a viable method for 
the treatment of AIDS and the prevention or treatment of infection by HIV. 

30 Nucleotide sequencing of HIV shows the presence of a pol gene in one 

open reading frame [Ratner et al.. Nature 1985, 313: 277]. Amino acid sequence 
homology provides evidence that Xh^pol sequence encodes reverse transcriptase, an 
endonuclease and an HIV protease [Toh et al., EMBO 7. 1985, 4: 1267; Power et ah. 
Science 1986, 231; 1567; Pearl et al.. Nature 1987, 329: 351]. 
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Several HTV protease inhibitors are presently in clinical use for the 
treatment of AIDS and HIV infection, including indinavir (see US 5413999), 
nelfinavir (US 5484926), saquinavir (US 5196438), and ritonavir (US 5484801). 
Each of these protease inhibitors is a peptidomimetic, competitive inhibitor of the 
5 viral protease which prevents cleavage of the HIV gag-pol polyprotein precursor. 
Indinavir, for example, has been found to be highly effective in reducing HIV viral 
loads and increasing CD4 cell counts in HIV-infected patients, when used in 
combination with nucleoside reverse transcriptase inhibitors. See, for example. 
Hammer et al., New England J. Med. 1997, 337: 725-733 and Gulick et al.. New 

10 England J. Med. 1997, 337: 734-739. 

A substantial and persistent problem in the treatment of AE)S has 
been the ability of the HIV virus to develop resistance to the therapeutic agents 
employed to treat the disease. Resistance to HIV-1 protease inhibitors has been 
associated with 25 or more amino acid substitutions in both the protease and the 

15 cleavage sites. Many of these viral variants are resistant to all of the HIV protease 
inhibitors currently in clinical use. See Condra et al.. Drug Resistance Updates 
1998, 1: 1-7; Condra et a!.. Nature 1995, 374: 569-571; Condra et a!., J, Virol. 
1996, 70: 8270-8276; Patrick et al. Antiviral Then 1996, Suppl. 1: 17-18; and 
Tisdale et al., Antimicrob. Agents Chemother, 1995, 39: 1704-1710. 

20 Attempts to address the resistance issue with "salvage therapy" 

consisting of high doses of multiple protease inhibitors have only been moderately 
successful due to the high level of cross resistance and toxicities associated with 
these protease inhibitors. Accordingly, there remains a need for new protease 
inhibitors having improved effectiveness against the viral variants. 

25 The present invention is directed to novel protease inhibitors which 

are much more potent against HTV viral mutants than the known protease 
inhibitors. 

SUMMARY OF THE INVENTION 

30 The present invention provides a novel group of Y-hydroxy-2- 

(f1uoroalkylaminocarbonyl>l-piperazinepentanamide compounds which are potent 
inhibitors of HTV protease including mutant forms thereof that are resistant to known 
protease inhibitors. These compounds are useful in the inhibition of HIV protease, 
the prevention of infection by HIV, the treatment of infection by HIV and in the 

35 treatment of AIDS and/or ARC, when employed as compounds or pharmaceutical ly 
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acceptable salts or hydrates (when appropriate) thereof, optionally as pharmaceutical 
composition ingredients, and optionally in combination with other antivirals, anti- 
infectives, immunomodulators, antibiotics or vaccines. More particularly, the present 
invention includes a compound of Formula (I): 



R^ 




wherein 



Rl is C,-C6 alkyl, C2-C6 alkenyl, C2 C6 alkynyl, Cs-Cecycloalkyl, ary], substituted 
aryl, heteroaryl, or substituted heteroaryl; wherein 

(i) each of the substituents on substituted aryl is independently 



(a) 


halogen, 


(b) 


cyano. 


(c) 


hydroxy. 


(d) 


C1-C6 alkyl. 


(e) 


C2-C6 alkenyl. 


if) 


C2-C6 alkynyl. 


(g) 


fluorinated Ci-Ce alkyl. 


(h) 


C1-C6 alkoxy. 


(i) 


fluorinated C1-C6 alkoxy, 


(j) 


S-(Ci-C6 alkyl), 


(k) 


heterocycle, or 


(1) 


heterocycle substituted with one or more substituents 



independently selected from halogen, cyano, hydroxy, C1-C6 
alkyl, C2-C6 alkenyl, C2-C6 alkynyl, fluorinated C1-C6 alkyl, 
C1-C6 alkoxy, fluorinated Ci-Cs alkoxy, S-(Ci-C6 alkyl), and 
NRaRb; 



-3- 
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(ii) each of the substituents on substituted heteroaryl is 

independently 





(a) 


halogen, 


5 


(b) 


cyano. 




(c) 


hydroxy. 




(d) 






(e) 


C1-C6 alky], 




(0 


C2-C6 alkenyl. 


10 


(g) 


C2-C6 alkynyl. 




(h) 


fluorinated C1-C6 aikyl. 




(i) 


C1-C6 alkoxy, 




0) 


fluorinated Ci-Cg alkoxy. 




(k) 


S-(Ci-C6alkyl), 


15 


(1) 


phenyl, 




(m) 


phenyl substituted with one or more substituents 



independently selected from halogen, cyano, hydroxy, C1-C6 
alkyl, C2-C6 alkenyl, C2-C6 alkynyl. fluorinated C1-C6 alkyl, 
C1-C6 alkoxy, fluorinated C1-C6 alkoxy, and S-(Ci-C6 alkyl), 

20 (1) heterocycle, or 

(m) heterocycle substituted with one or more substituents 
independently selected from halogen, cyano, hydroxy, C1-C6 
alkyl, C2-C6 alkenyl, C2-C6 alkynyl, fluorinated C1-C6 alkyl, 
C1-C6 alkoxy, fluorinated C1-C6 alkoxy, S-(Ci-C6 alkyl), 

25 NRaRb^ and a 5- or 6-membered heteroaromatic ring consisting 

of carbon atoms and from 1 to 3 heteroatoms selected from N, 
O and S; 

R2 and R3 are each independently hydrogen or C1-C4 alkyl; or R2 and R3 together 
30 with the carbon to which they are attached form C3-C6 cycloalkyl; 

R4 is C1-C6 alky], C3-C6 cycloalkyl, aryl, substituted aryl, heteroaryl, or substituted 

heteroaryl; wherein each of the substituents on substituted aryl is independently 
halogen, hydroxy, C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, fluorinated C1-C6 
35 alkyl, Ci-Cg alkoxy, or heteroaryl; and each of the substituents on substituted 

-4- 
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heteroaryl is independently halogen, hydroxy, Ci-Cg alkyl, C2-C6 alkenyl, C2-C6 
alkynyl, fluorinated C1-C6 alkyl, C1-C6 alkoxy, or aryl; 

is carbocyclic, substituted carbocyclic, heterocyclic or substituted heterocyclic, 
5 wherein each of the substituents on substituted carbocyclic or substituted heterocyclic 
is independently halogen, hydroxy, C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, 
fluorinated Ci-Cg alkyl. or Ci-Cg alkoxy; 

R6 is fluorinated C1-C6 alkyl; and 

10 

Ra and Rb are each independently hydrogen or C1-C4 alkyl; or Ra and Rb together 
with the nitrogen to which they are attached form C3-C6 azacycloalkyi; 

or a pharmaceutical ly acceptable salt thereof. 

15 

The present invention also includes pharmaceutical compositions 
containing a compound of the present invention and methods of preparing such 
pharmaceutical compositions. The present invention further includes methods of 
treating AIDS, methods of preventing infection by HTV, and methods of treating 

20 infection by HTV. The present invention also includes methods for making 

compounds of the present invention and methods for making intermediates useful in 
the preparation of compounds of the present invention. 

These and other embodiments, aspects and features of the present 
invention are either further described in or will be apparent from the ensuing 

25 description, examples, and appended claims. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention includes the compounds of Formula (I) above. 
These compounds and their pharmaceutically acceptable salts are HTV protease 
30 inhibitors. 

A first embodiment of the present invention is a compound of Formula 

(I), wherein 



.5- 
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Rl is Cj-Cg alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C6 cycloalkyi, aryl, substituted 
aryl, heteroaryl, or substituted heteroaryl; wherein 

(i) each of the substituents on substituted aryl is independently 
(a) halogen, 

5 (b) cyano, 

(c) hydroxy, 

(d) C1-C6 alkyl, 

(e) C2-C6 alkenyl, 

(f) C2-C6 alkynyl, 

10 (g) fluorinatedCi-C6 alkyl, 

(h) C1-C6 alkoxy, 

(i) heterocycle, or 

(j) heterocycle substituted with one or more substituents 
independently selected from halogen, cyano, hydroxy, C1-C6 
15 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, fluorinated Ci-Ce alkyl, 

Ci-Ce alkoxy, and NRaRb; 

(ii) each of the substituents on substituted heteroaryl is 

independently 



20 


(a) 


halogen. 




(b) 


cyano, 




(c) 


hydroxy. 




(d) 


NRaRb 




(e) 


Ci-Ce alkyl, 


25 


(f) 


C2-C6 alkenyl, 




(g) 


C2-C6 alkynyl. 




(h) 
(i) 


fluorinated Ci-Cg alkyl, 
C1-C6 alkoxy, 




a) 


phenyl, 


30 


(k) 


phenyl substituted with one or more substituents 



independently selected from halogen, cyano, hydroxy, Ci -Cg 
alkyl, C2-C6 alkenyl, C2-C6 alkynyl, fluorinated Ci-Cg alkyl, 
andCi-C6 alkoxy, 
(1) heterocycle, or 
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(m) heterocycle substituted with one or more substituents 
independently selected from halogen, cyano, hydroxy, Ci-Cs 
alkyl, C2-C6 alkenyl, C2-C6 alkynyl, fluorinated C1-C6 alkyl, 
C1-C6 alkoxy, and NRaRb; 

5 

and all other variables are as originally defined above; 

or a pharmaceutically acceptable salt thereof 

10 A second embodiment of the present invention is a compound of 

Formula (I), wherein 

R4 is C1-C6 alkyl, C3-C6 cycloalkyl, phenyl, substituted phenyl, heteroaryl, or 
substituted heteroaryl, wherein heteroaryl is selected from pyridyl, pyrazinyl, 
15 pyrimidinyl, thiophenyl, thiazolyl, pyridofuranyl, pyrimidofuranyl, pyridothienyl, 

pyridazothienyl, pyridooxazolyl, pyridazooxazolyl, pyrimidooxazolyl, pyridothiazolyl. 
and pyridazothiazolyl; and wherein each of the substituents on substituted phenyl or 
substituted heteroaryl is independently halogen, hydroxy, C1-C6 alkyl, fluorinated 
C1-C6 alkyl, or C1-C6 alkoxy; 

20 

and all other variables are as originally defined above; 

or a pharmaceutically acceptable salt thereof. 

25 A third embodiment of the present invention is a compound of 

Formula®, wherein 

R4 is C1-C6 alkyl, C3-C6 cycloalkyl, phenyl, substituted phenyl, heteroaryl, or 
substituted heteroaryl, wherein heteroaryl is selected from pyridyl, pyrazinyl, 
30 pyrimidinyl, and thiophenyl; and wherein each of the substituents on substituted 
phenyl or substituted heteroaryl is independently halogen, hydroxy, C1-C6 alkyl, 
fluorinated C1-C6 alkyl, or C1-C6 alkoxy; 

and all other variables are as defined in the first embodiment; 
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or a pharmaceutically acceptable salt thereof. 

A first class of the present invention is a compound of Formula (I), 



wherein 

5 

R4is 



10 



15 














> 








0 


-0 




-0 


^^^^^ 

N 



1^^" Ki^" ^<CT 
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each Z is independently hydrogen, halogen, cyano, C1-C6 alkyl, or Ci- C6 alkoxy; 
and 

5 

q is an integer from 0 to 2; 

and all other variables are as defined in the second embodiment; 
10 or a pharmaceutically acceptable salt thereof. 

A second class of the present invention is a compound of Formula (I), 

wherein 
15 R4 is 



20 




each Z is independently hydrogen, halogen, cyano, Ci-Cg alkyl, or Ci- C6 alkoxy; 



-9- 
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q is an integer from 0 to 2; 

and all other variables are as defined in the third embodiment; 

5 or a pharmaceutical! y acceptable salt thereof. 

A fourth embodiment of the present invention is a compound of 
Formula (T), wherein 

R5 is carbocyclic, substituted carbocyclic, heterocycJic or substituted heterocyclic, 
wherein carbocyclic is cyclopentyl, indanyl, or tetralin, and heterocyclic is chroman, 
thiochroman, or dioxoisothiochroman; wherein each of the substituents on substituted 
carbocyclic or substituted heterocyclic is independently halogen, hydroxy, Ci-C6 
alkyl, fluorinated Ci-C^ alley], or Ci-C6 alkoxy; 

and all other variables are as originally defined or as defined in any one of the 
preceding embodiments or classes; 

or a pharmaceutically acceptable salt thereof. 
20 

A third class of the present invention is a compound of Formula (I), 

wherein 



(Y)p 
wherein 



10 



15 




-10- 
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AisCRCRd, O.orS; 

each Y is independently hydrogen, halo^n, C1-C6 alkyi, fluorinated Ci-Cg alkyl, or 
C1-C6 alkoxy; 

5 

RC and Rd are each independently hydrogen or C1-C4 alkyl, or Rc and Rd together 
with the carbon to which they are attached from C3-C6 cycloalkyl; 

Re is hydrogen, C1-C4 alkyl, fluorinated C1-C4 alkyl, or phenyl; 

10 

p is an integer from 0 to 2; 

and all other variables are as defined in the fourth embodiment; 
15 or a pharmaceutically acceptable salt thereof. 



In a preferred aspect of the third class of the present invention, R5 is 



OH 



(Y)p 




O 



20 



A fifth embodiment of the present invention is a compound of Formula 



(I), wherein. 



R6is 



25 




V 



CH2CF3 "CF2CF3 , 
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H3C CH3 "3Q^CH3 



HaO^CH^F FH2C CH2F 
V^CHgF^or V^CH^F 



5 and all other variables are as originally defined or as defined in any of the preceding 
embodiments or classes; 

or a pharmaceutically acceptable salt thereof. 



15 Formula (I), wherein 

R1 is Ci-Cg alkyl, C3-C6 cycloalkyl, aryl, substituted aryl, heteroaryl, or substituted 
heteroaryl, wherein heteroaryl is (i) a 5- or 6-membered aromatic ring consisting of 
carbon atoms and from 1 to 3 heteroatoms selected from N, S, and O or (ii) an 8- to 
20 10-membered bicyclic ring system consisting of carbon atoms and from 1 to 3 
heteroatoms selected from N, S, and O, wherein at least one of the rings in the 
bicyclic system is an aromatic ring; wherein 



10 



In a preferred aspect of the fifth embodiment, r6 is 




A sixth embodiment of the present invention is a compound of 



30 



25 



(i) 



each of the substituents on substituted aryl is independently 

(a) halogen, 

(b) cyano, 

(c) hydroxy, 

(d) C1-C6 alkyl, 

(e) C2-C6 alkenyl, 
(0 C2-C6 alkynyl, 

(g) fluorinated C1-C6 alkyl. 
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(h) C1-C6 alkoxy, 

(i) fluorinated C1-C6 alkoxy, 
(j) S-(Ci-C6 alkyl), 

(k) heterocycle, or 
5 (1) heterocycle substituted with one or more substituents 

independently selected from halogen, cyano, hydroxy, Ci-Cg 
alkyl, C2-C6 alkenyl, C2-C6 alkynyl, fluorinated C1-C6 alkyl, 
C1-C6 alkoxy, fluorinated C1-C6 alkoxy, S-(Ci-C6 alkyl), and 
NRaRb; 

10 



(ii) each of the substituents on substituted heteroaryl is 

independently 





(a) 


halogen, 




(b) 


cyano, 


15 


(c) 


hydroxy, 




(d) 


NRaRb, 




(e) 


C1-C6 alkyl, 




(f) 


C2-C6 alkenyl, 




(g) 


C2-C6 alkynyl. 


20 


(h) 
(i) 


fluorinated C1-C6 alkyl, 
C1-C6 alkoxy. 




(j) 


fluorinated C1-C6 alkoxy. 




(k) 


S-(Ci-C6 alkyl). 




0) 


phenyl. 


25 


(m) 


phenyl substituted with one or more substituents 



independently selected from halogen, cyano, hydroxy, Ci-Cg 
alkyl, C2-C6 alkenyl, C2-C6 alkynyl, fluorinated C1-C6 alkyl, 
C1-C6 alkoxy, fluorinated C1-C6 alkoxy, and S-(Ci-C6 alkyl), 
(1) heterocycle, or 
30 (m) heterocycle substituted with one or more substituents 

independently selected from halogen, cyano, hydroxy, C1-C6 
alkyl, C2-C6 alkenyl. C2-C6 alkynyl, fluorinated C1-C6 alkyl, 
C1-C6 alkoxy, fluorinated C1-C6 alkoxy, S-(Ci-C6 alkyl), 
NR^iRb, and a 5- or 6-membered heteroaromatic ring consisting 
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of carbon atoms and from 1 to 3 heteroatoms selected from N, 
O and S; 



and all other variables are as originally defined or as defined in any of the preceding 
5 embodiments or classes; 

or a pharmaceutically acceptable salt thereof. 



10 Formula (I), wherein 

Rl is Ci-Cg alkyl, CyC(^ cycloalkyl, aryl, substituted aryl, heteroaryl, or substituted 

heteroaryl, wherein heteroaryl is (i) a 5- or 6-membered aromatic ring consisting of 
carbon atoms and from 1 to 3 heteroatoms selected from N, S, and O or (ii) an 8- to 
15 10-membered bicyclic ring system consisting of carbon atoms and from 1 to 3 
heteroatoms selected from N, S, and O, wherein at least one of the rings in the 
bicyclic system is an aromatic ring; wherein 



A seventh embodiment of the present invention is a compound of 



30 



25 



20 



each of the substituents on substituted aryl is independently 

(a) halogen, 

(b) cyano, 

(c) hydroxy, 

(d) C1-C6 alkyl, 

(e) C2-C6 alkenyl, 

(f) C2-C6alkynyl, 

(g) fluorinated C1-C6 alkyl, 

(h) Ci-Cgalkoxy, 

(i) heterocycle, or 

(j) heterocycle substituted with one or more substituents 
independently selected from halogen, cyano, hydroxy, Ci-Ce 
alkyl, C2-C6 alkenyl, C2-C6 alkynyl, fluorinated C1-C6 alkyl, 
C1-C6 alkoxy, and NRaRb; 



(ii) each of the substituents on substituted heteroaryl is 



independently 
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(a) 


halogen. 


(b) 


cyano. 


(c) 


hydroxy. 


(d) 


NRaRD, 


(e) 


C1-C6 alky I, 


(f) 


C2-C6 alkenyU 


(g) 


C2-C6 alkynyU 


(h) 


fluorinated C1-C6 alkyl. 


(i) 


C1-C6 alkoxy. 


(j) 


phenyl. 


(k) 


phenyl substituted with one or more substituents 



independently selected from halogen, cyano, hydroxy, C1-C6. 
alkyl, C2-C6 alkenyl, C2-C6 alkynyl, fluorinated C1-C6 alkyl, 
andCi-C6 alkoxy 
15 (1) heterocycle, or 

(m) heterocycle substituted with one or more substituents 
independently selected from halogen, cyano, hydroxy, C1-C6 
alkyl, C2-C6 alkenyl, C2-C6 alkynyl, fluorinated C1-C6 alkyl, 
Ci-C6 alkoxy, and NRaRb; 

20 

and all other variables are as originally defined or as defined in any of the preceding 
embodiments or classes; , 

or a pharmaccutically acceptable salt thereof. 

25 

A fourth class of the present invention is a compound of Formula (I), 

wherein 

r1 is Cj^-Cg alkyl, Cj-Cg cycloalkyi, phenyl, substituted phenyl, heteroaryl, or 
30 substituted heteroaryl, wherein heteroaryl is pyridyl, methylenedioxyphenyl, furanyl, 
benzofuranyl, benzothiofuranyl, benzoxazolyl, benzothiazolyl, azabenzothiazolyl, 
azabenzoxazolyl, azabenzofuranyl, azabenzothiofuranyl, oxazolyl, thiazolyl, 
isoxazolyl, triazolyl, thiadiazolyl, oxadiazolyl, indazolyl, pyrrolyl, pyrazolyl, 
thiophenyl, or thienothiophenyl; and wherein 
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(i) each of the substituents on substituted phenyl is independently 

(a) halogen, 

(b) cyano, 

(c) hydroxy, 

5 (d) Ci-C4alkyl, 

(e) fluorinated C1-C4 alkyl, 

(f) C1-C4 alkoxy, 

(g) fluorinated C 1 -C4 alkoxy, 

(h) S-(Ci-C4 alkyl), 

10 (i) heterocycle which is a 5- or 6-membered unsaturated 

monocyclic ring consisting of carbon atoms and from 1 to 3 
heteroatoms selected from N, O and S, or 
(j) substituted heterocycle which is a 5- or 6-membered 
unsaturated monocyclic ring as defined in (i) substituted with 

15 one or more substituents independently selected from halogen, 

cyano, hydroxy, C1-C4 alkyl, fluorinated C1-C4 alkyl, C1-C4 
alkoxy, fluorinated C1-C4 alkoxy, S-(Ci-C4 alkyl) and 
NRaRb; and 

20 (ii) each of the substituents on substituted heteroaryl is 

independently 

(a) halogen, 

(b) cyano, 

(c) hydroxy, 

25 (d) NRaRb, if and only if the heteroaryl is pyridyl , 

(e) C1-C4 alkyl, 

(f) fluorinated C1-C4 alkyl, 

(g) C1-C4 alkoxy, 

(h) fluorinated C1-C4 alkoxy, 
30 (i) S.(Ci-C4 alkyl). , 

(j) phenyl, 

(k) phenyl substituted with one or more substituents 
independently selected from halogen, cyano, hydroxy, C1-C4 
alkyl, fluorinated C1-C4 alky], C1-C4 alkoxy, fluorinated 
35 C 1 -C4 alkoxy, and S-(C 1 -C4 alkyl), 
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(1) heterocycle which is a 5- or 6-membered unsaturated 
monocyclic ring consisting of carbon atoms and from 1 to 3 
heteroatoms selected from N, O and S; 
(m) substituted heterocycle which is a 5- or 6-membered 
5 unsaturated monocyclic ring as defined in (1) substituted with 

one or more substituents independently selected from halogen, 
cyano, hydroxy, C1-C4 alkyl, fluorinated C1-C4 alkyl, C1-C4 
alkoxy, fluorinated C1-C4 alkoxy, S-(Ci-C4 alkyl), NRaRb 
thiazolyl, oxazolyl, imidazolyl, pyrazolyl, triazolyl, pyrrolyl, 
10 furanyl, thienyl, isoxazolyl, and isothiazolyl; 

and all other variables are as defined in the sixth embodiment; 

or a pharmaceutically acceptable salt thereof. 

15 

A fifth class of the present invention is a compound of Formula (I), 

wherein 



Rl is C1-C6 alkyl, C^-Cg cycloalkyl, phenyl, substituted phenyl, heteroaryl, or 
20 substituted heteroaryl, wherein heteroaryl is pyridyl, methylenedioxyphenyl, furanyl, 
benzofuranyl, benzothiofuranyl, benzoxazolyl, benzothiazolyl, azabenzothiazolyl, 
azabenzoxazolyl, azabenzofuranyl, azabenzothiofuranyl, oxazolyl, thiazolyl, 
isoxazolyl, triazolyl, thiadiazolyl, oxadiazolyl, indazolyl, pyrrolyl, pyrazolyl, 
thiophenyl, or thienothiophenyl; and wherein 
25 (i) each of the substituents on substituted phenyl is independently 

(a) halogen, 

(b) cyano, 

(c) hydroxy, 

(d) C1-C4 alkyl, 

30 (e) fluorinated C1-C4 alkyl, 

(f) C1-C4 alkoxy, 

(g) heterocycle which is a 5- or 6-membered unsaturated 
monocyclic ring consisting of carbon atoms and from 1 to 3 
heteroatoms selected from N, O and S, or 
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(h) substituted heterocycle which is a 5- or 6-membered 
unsaturated monocyclic ring as defined in (g) substituted with 
one or more substituents independently selected from halogen, 
cyano, hydroxy, Ci~C4 alkyl, fluorinated C1-C4 alkyl, C1-C4 
5 alkoxy and NRaRb; and 

(ii) each of the substituents on substituted heteroaryl is 

independently 

(a) halogen, 
10 (b) cyano, 

(c) hydroxy, 

(d) NRaRb, if and only if the heteroaryl is pyridyl, 

(e) C1-C4 alkyl, 

(f) fluorinated C1-C4 alkyl, 
15 (g) C1-C4 alkoxy, 

(h) phenyl, 

(i) phenyl substituted with one or more substituents 
independently selected from halogen, cyano, hydroxy, C1-C4 
alkyl, fluorinated C1-C4 alkyl , and C1-C4 alkoxy, 

20 (j) heterocycle which is a 5- or 6-membered unsaturated 

monocyclic ring consisting of carbon atoms and from 1 to 3 
heteroatoms selected from N, O and S; 
(k) substituted heterocycle which is a 5- or 6-membered 
unsaturated monocyclic ring as defined in (j) substituted with 

25 one or more substituents independently selected from halogen, 

cyano, hydroxy, C1-C4 alkyl, fluorinated C1-C4 alkyl, C1-C4 

alkoxy and NRaRb. 
and all other variables are as defined in the seventh embodiment; 

30 

or a pharmaceuticaliy acceptable salt thereof. 

In a preferred aspect of the fourth class, heterocycle in (i)(i) and in 
(ii)(l) are each independently 

35 
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and wherein 

substituted heterocycle in (i)(j) is heterocycle as defined above with one or more 
10 substituents independently selected from halogen, cyano, C1-C4 alkyl, fluorinated 
C1-C4 alky], C1-C4 alkoxy, fluorinated C1-C4 alkoxy. and S-(Ci-C4 alkyl); and 

substituted heterocycle in (ii)(ni) is heterocycle as defined above with one or more 
substituents independently selected from halogen, hydroxy, cyano, C1-C4 alkyl, 
15 fluorinated C1-C4 alkyl, C1-C4 alkoxy, fluorinated C1-C4 alkoxy, S-(Ci-C4 alkyl). 
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NRaRb, thiazolyl, oxazolyl, imidazolyl, pyrazolyl, triazolyl, pyn-olyl, isoxazolyl, and 
isothiazolyl; or is 




5 In a preferred aspect of the fifth class, heterocycle in (i)(g) and in (ii)(j) 

are each independently 



10 
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and wherein 



substituted heterocycle in (i)(h) is heterocycle as defined above with one or more 
5 substituents independently selected from halogen, cyano, C1-C4 alkyl, fluorinated 
C1-C4 alkyl, and C1-C4 alkoxy; and 



substituted heterocycle in (ii)(k) is heterocycle as defined above with one or more 
substituents independently selected from halogen, cyano, C1-C4 alkyl, fluorinated 
10 Ci-C4 alkyl, and C 1-C4 alkoxy; or is 

R\ // \\ R\ Jl \ 

or N-^s^ 



An eighth embodiment of the present invention is a compound of 
Formula (I), wherein 

15 

Rl is 
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5 




each D is independently hydrogen, halogen, cyano, hydroxy, NRaRb, C1-C4 alkyl, 
C1-C4 alkoxy, fluorinated C1-C4 alkoxy, S-(Ci-C4 alkyl), phenyl, substituted phenyl, 

heterocycle, or substituted heterocycle; wherein substituted phenyl is phenyl with one 
10 or more subsituents independently selected from halogen, hydroxy, C1-C4 alkyl, and 
C1-C4 alkoxy; and wherein substituted heterocycle is heterocycle with one or more 
substituents independently selected from halogen, hydroxy, C1-C4 alkyl, Ci-C4 
alkoxy, fluorinated C1-C4 alkoxy, and S-(Ci-C4 alkyl); 

15 each E is independently hydrogen, halogen, cyano, hydroxy, C1-C4 alkyl, C1-C4 
alkoxy, heterocycle, or substituted heterocycle; 

G and G' are each independently selected from hydrogen, halogen, cyano, hydroxy, 
C1-C4 alkyl, fluorinated C1-C4 alkyl, and Ci-C4 alkoxy; 

20 

J is 




, heterocycle, or substituted heterocycle; 
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each L is independently hydrogen, halogen, cyano, hydroxy, C1-C4 alkyl, fluorinated 
C1-C4 alkyl, or C1-C4 alkoxy; 

XisOorS; 

5 

heterocycle in each of D, E and J is independently 



10 




substituted heterocycle in each of E and J is independently heterocycle as defined 
above with one or more substituents independently selected from halogen, hydroxy, 
15 cyano, C1-C4 alkyl, fluorinated C1-C4 alkyl, C1-C4 alkoxy, fluorinated C1-C4 

alkoxy, S-(Ci.C4 alkyl), NR^Rb, thiazolyl, oxazolyl, imidazolyl, pyrazolyl, triazolyl, 
pyrrolyl, isoxazolyl, and isothiazolyl; or is 
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s, s'. and t are each independently integers from 0 to 2; 

S and all other variables are as originally defined or as defined in any of the preceding 
embodiments or classes; 

or a pharmaceutically acceptable salt thereof. 

10 A ninth embodiment of the present invention is a compound of 

Formula (I), wherein 

Rl is 
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5 

each D is independently hydrogen, halogen, cyano, hydroxy, NRaRb, C1-C4 alkyl, 
C1-C4 alkoxy, phenyl, substituted phenyl, heterocycle, or substituted heterocycle; 
wherein substituted phenyl is phenyl with one or more subsituents independently 
selected from halogen, hydroxy, C1-C4 alkyl, and C1-C4 alkoxy; and wherein 
10 substituted heterocycle is heterocycle with one or more substituents independently 
selected from halogen, hydroxy, C1-C4 alkyl, and C1-C4 alkoxy; 

each E is independently hydrogen, halogen, cyano, hydroxy, C1-C4 alkyl, C1-C4 
alkoxy, heterocycle, or substituted heterocycle; 

15 

G and G' are each independendy selected from hydrogen, halogen, cyano, hydroxy, 
C1-C4 alkyl, fluorinated C1-C4 alkyl, and Ci-C:4 alkoxy; 



J is 




, heterocycle, or substituted heterocycle; 



each L is independently hydrogen, halogen, cyano, hydroxy, C1-C4 alkyl, fluorinated 
C1-C4 alkyl, or C1-C4 alkoxy; 

25 X is O or S; 
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heterocycle in each of D, E and J is independently 



5 




10 substituted heterocycle in each of E and J is independently heterocycle as defined 
above with one or more substituents independently selected from halogen, cyano, 
fluorinated C1-C4 alkyl and C1-C4 alkoxy; or is 




15 s, s', and t are each independently integers from 0 to 2; 
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and all other variables are as originally defined or as defined in any of the preceding 
embodiments or classes; 

or a pharmaceutically acceptable salt thereof 

5 

A sixth class of the present invention is a compound of Formula (I), 

wherein 
R6is 



10 



15 



X^^CHaCFg .V^CFaCFa . 

H3C CH3 H3C CH3 
V^CFg , V^CHaF^ 

H3C CH2F FH2C CH2F 
V^CH2F^or V^CHaF 

and all other variables are as defined in the eighth or the ninth embodiments. 

A seventh class of the present invention is a compound of Formula (I), 



20 wherein 
R4is 





25 
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5 




each Z is independently hydrogen, halogen, cyano, C1-C6 alkyl, or Ci- C6 alkoxy; 
q is an integer from 0 to 2; 

10 

and all other variables are as defined in the sixth class; 

or a pharmaceutically acceptable salt thereof. 

15 An eighth class of the present invention is a compound of Formula (I), 

wherein 

R4is 



20 
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5 each Z is independently hydrogen, halogen, cyano, C1-C6 alkyl, or Ci- alkoxy; 
q is an integer from 0 to 2; 

and all other variables are as defined in the sixth class; 

10 

or a pharmaceutically acceptable salt thereof. 

A ninth class of the present invention is a compound of Formula (I), 

wherein 

15 

Rlis 




20 

r2 and r3 are each independently hydrogen or C1-C4 alkyl; or R2 and R3 together 
with the carbon to which they are attached form C3-C6 cycloalkyl; 
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substituted heterocycle is heterocycle as defined above having one or more 
substituents independently selected from halogen, C1-C4 alkoxy, C1-C4 alkyl, 
5 fluorinated C1-C4 alkoxy, fluorinated C1-C4 alkyl, -S-CH3, -N(CH3)2, thiazolyl, and 
oxazolyl; 

each L is independently hydrogen, halogen, cyano, hydroxy, C1-C4 alkyl, fluorinated 
C1-C4 alkyl, or C1-C4 alkoxy; 

10 

X is O or S; 

each Y is independently hydrogen, halogen, C1-C6 alkyl, fluorinated Ci-Ce alkyl, or 
C1-C4 alkoxy; 

15 

p is an integer from 0 to 2; and 

t is an integer from 0 to 2; 

20 or a pharmaceutically acceptable salt thereof. 

In a preferred aspect of the ninth class, R2 and R3 are each 
independently hydrogen or methyl; 

25 each L is independently hydrogen, chlorine, or fluorine; 

each Y is independently hydrogen, chlorine, or fluorine; and 

each of the substituents on substituted heterocycle is independently chlorine, fluorine, 
30 methoxy, ethoxy, -OCF3, -OCHF2, methyl, ethyl, n-propyl, -S-CH3, -N(CH3)2, and 

thiazolyl. 
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A tenth class of the present invention is a compound of Formula (I), 



wherein 



Rli 



IS 



^ . J .or J 



R2 and R3 are each independently hydrogen or C1-C4 alkyl; or R2 and R3 together 
with the carbon to which they are attached form C3-C6 cycloalkyl; 



10 R4i 



IS 







N 




N 




15 R5 



IS 




j< PH 




or ^ ■ 'P 



r6 



IS 



20 



J is 
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, heterocycle, or substituted heterocycle; 




10 substituted heterocycle is heterocycle as defined above having one or more 
substituents independently selected from halogen and Ci~C4 alkoxy; 

each L is independently hydrogen, halogen, cyano. hydroxy. C1-C4 alkyl, fluorinaled 
C1-C4 alkyl, or C1-C4 alkoxy; 

15 

XisOorS; 

each Y is independentiy hydrogen, halogen, Ci-Ce alkyl. fluorinated C1-C6 alkyl, or 
C1-C4 alkoxy; 

20 

p is an integer from 0 to 2; and 
t is an integer from 0 to 2; 
25 or a pharmaceutically acceptable salt thereof. 
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In a preferred aspect of the tenth class, R2 and R3 are each 



independently hydrogen or methyl; 

each L is independently hydrogen, chlorine, or fluorine; 

5 

each Y is independently hydrogen, chlorine, or fluorine; and 

each of the substituents on substituted heterocycle is independently chlorine, fluorine, 
or methoxy. 



R2 and R3 are each independently hydrogen or C1-C4 alkyl; or R2 and R3 together 
with the carbon to which they are attached form C3-C6 cycloalkyl; 



An eleventh class of the present invention is a compound of Formula 



(I), wherein 



Rl is 




20 R4is 




R5 is 
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OH 




substituted heterocycle is heterocycle as defined above having one or more 
substituents independently selected from halogen. C1-C4 alkoxy, C1-C4 alkyl, 
fluorinated C1-C4 alkoxy, fluorinated C1-C4 alkyl, -S-CH3, "N(CH3)2, thiazolyl, and 
oxazolyl; 

15 

each L is independently hydrogen, halogen, cyano, hydroxy, C1-C4 alkyl, fluorinated 
C1-C4 alkyl, or C1-C4 alkoxy; 

XisOorS; 

20 

each Y is independently hydrogen, halogen, C1-C6 alkyl, fluorinated C1-C6 alkyl, or 
C1-C4 alkoxy; and 

p is an integer from 0 to 2; 
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t is an integer from 0 to 2; 

or a pharmaceutically acceptable salt thereof. 

5 In a preferred aspect of the eleventh class, R2 and R3 are each 

independently hydrogen or methyl; 

each L is independently hydrogen, chlorine, or fluorine; 

10 each Y is independently hydrogen, chlorine, or fluorine; and 

each of the substituents on substituted heterocycle is independently chlorine, fluorine, 
methoxy, ethoxy. -OCF3, -OCHF2, methyl, ethyl, n-propyl. -S-CH3, -N(CH3)2, and 

thiazolyl. 

15 

Exemplifying the invention are compounds selected from the group 

consisting of 

(aR,Y5,25)-A^-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-4-(l- 
20 furo[3,2-c]pyridin-2-yM-methylethyl)-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

(otR,Y5.25)-iV-((35.45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-2-[[(2- 
fluoroethyl)amino]carbonyl]-4-(l-furo[3,2-c]pyridin-2-yl-l-methylethyl)-Y-hydroxy- 
25 a-(phenylmethyl)-l-piperazinepentanamide; 

(a/?,Y5,2S)«A^-((35,45)-3,4-dihydro-3-hydroxy-2i7-l-benzofuran-4-yl)-2-[[[2-fluoro- 

l,l-bis(fluoromethyl)ethyl]amino]carbonyl]-4-(l-furo[3,2-c]pyridin-2-yl-l- 

methylethyl)-Y-hydroxy-a-(phenylmethyl)-l-piperazinepentanamide; 

30 

(a/?,Y5,25)-2-[[[l,l-bis(fluoromethyl)ethyl]amino]carbonylJ-Af-((35,45)-3,4-* 

3-hydroxy-2//-l-benzopyran-4-yl)-4-(l-furo[3,2-c]pyridin-2-yl-l-methylethyl)-Y- 
hydroxy-a-{phenylmethyl)-l-piperazinepentanamide; 
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(a/?,Y5.25)-N-((3S,4S)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yI)-^^ 

c]pyridin-2-yl-l-methylethyl)-Y-hydroxy-a-(phenyIniethyl)-2-[[(3,3,3- 

trifluoropropyl)amino]carbonyl]-l-piperazinepentanamide; 

5 (a/?,Y5,25)-Ar-((35,45)-3,4>dihydro-3-hydroxy-2H-l-benzopyran-4-y^ 

clpyridin-2-yl-l-methylethyl)-Y-hydroxy-2-[[(2,2,3,3,3-pentafluoropropyI)- 
mino]carbonyi]-a-(phenylmethyl)- 1 -piperazinepentanamide; 

(a/?,YS,25)-N-((3S,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-2-[[(2-^ 
10 14-dimethylethyl)amino]carbonyl]-4-(l-furo[3,2-c]pyridin-2-yl-l-methylethyl)-^^ 
hydroxy-a-(phenylmethyl)-l-piperazinepentanainide; 

(aR,YS,25)-7V-((lS,2J?)-l,2-dihydro-2-hydroxy-m-inden4-ylH-(l-^^^ 
c]pyridin-2-yl-l-methylethyl)-Y-hydroxy-a-(phenylniethyl)-2-[[(2,2,2- 
15 trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

(a/?,YS,25)-A^-((15,2/?)-l,2-dihydro-2-hydroxy-l«-inden-l-yl)-2-^ 
fluoroethyl)ainino]carbonyl]-4-[l-furo[3,2-c]pyridin-2-yl-l-melhylethyl)-Y-hydro^ 
a-(phenylniethyl)- 1 -piperazinepentanamide; 

20 

((X/?,YS,25)-A^-((lS,2i?)-l,2-dihydrcH2.hydroxy-lH-inden-l-yl)-^^ 

c]pyridin-2-yl-l-methylethyl)-Y-hydroxy-a-(phenylniethyl)-2-[[(3,3,3- 

trifluoropropyl)amino]carbonyl]-l-piperazinepentanamide; 

25 (a/?,YS,25)-iV-((15.2/?)- 1 ,2-dihydro-2-hydroxy-l//-inden- 1 -yl)-4-(l-furo[3,2- 

c]pyridin-2-yl-l-methylethyl)-Y-hydroxy-2-[[(2,2,3,3,3-pentafluoropropyl)aniino]- 
carbonyl]-a-(phenylinethyl)-l-piperazinepentananiide; 

(cx/?,YS,25)-4-(2-benzofuranylnfiethyl)-/V-((35,45)-3Adihydro-3-hydroxy-2^^ 
30 benzopyran-4-yl)-Y-hydroxy-a-(phenylniethyI)-2-[[(2,2,2-trifluoroethyI)aniino]- 
carbonyl]-l-piperazinepenlananiide; 
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(a/?,Y5,2S)-A^-((35,45)-3 ,4-di hydro-3-hydroxy-2//- 1 -beiizopyran-4-yl)-Y-hydroxy-a- 

(phenylmelhyl)-44[5K3-pyridinyl)-i-furanyl]methyl]-2-[[(2,2,2-trifluoroe^^ 

aminojcarbonyll-l-piperazinepentanamide; 

5 (a/?,Y5,25)-NK(35,4S)-3,4-dihydro-3-hydroxy-2/f-l-benzopyran-4-yl)-Y-hydroxy-a- 
(phenylmethyl)-4-(3-pyridinylmethyl)-2-[[(2.2,2-trifluoroethyl)amino]carbonyl]-l- 
pi perazinepentanami de ; 

(a/^,Y5,25)-A^-((35,4S)-3,4-dihyd^o-3-hyd^oxy-2i^-l-benzopyran-4-yl)-Y-hydroxy-^^ 
10 (phenylmethylH4[5-(3-pyridinyl)-l-furanyl]methyl]-2-[[(2,2,2-trifluor^^ 
amino]carbonyl]-l-piperazinepeiitanamide; 

(aRj5,25)-N-((35,4S)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydro 
(phenylmethyl)-4-[[5-(5-pyrimidinyl)-l-furanyl]methyl]-2-[[(2,2,2-trifluo^^^^ 
15 amino]carbonyl]-l-piperazinepentanamide; 

((X/?,Y5,25)-A/'-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy- 
4-[(3-methyl-7-methoxy-4-benzofuranyl)methyl]-a-(3-pyridinylmethyl)-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]" 1 -piperazinepentanamide; 

20 

(a/f,Y«S,2S)-A?-((35,4S)-3,4-.dihydro-3-hydroxy-2ff- 1 -benzopyran-4-yl)-Y-hydroxy-4- 

[(7-methoxy-2-benzofuranyl)methyl]-a-(phenylmethyl)-2-[[(2,2,2-trifluoroethy0 

ainino]carbonyI]-l-piperazinepentanamide; 

25 (aR,Y5,25)-A^-((35,45)~3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hy^^ 
(phenylmethyl)-4-((l-phenyl-l//-pyrrol-3-yl)methyl]-2-[[(2,2,24rifluoroeU^ 
amino]carbonyl]-l-piperazinepentanamide; 

(a/?j5,25)-A^-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydr^ 
30 ((l--phenyl-lff-imidazol-4-yl)melhyl]-a-(phenylmethyl)-2-[[(2,2,2-lrifluoroeth^^ 
amino]carbonyl]-l-piperazinepentanamide; 
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(CX/?,Y5,2S)-4<2-benzof uranylmethyl)-N-((15,2/?)- 1 ,2-dihydro-2-hydroxy- 1 tf-inden-1 - 

yl)-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonyll-l- 

piperazinepentanamide; 

5 (a/?,Y5,2S)-N-((15,27?)-l,2-dihydro-'2-hydroxy-l//-inden-l-yl)-Y-hydro^ 

(phenylmethyl)-4-(3-pyridinylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l- 
piperazinepentanamide; 

(a/?,Y5,25)-A^-((35,45)0,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydro^^ 
10 [(5-phenyl-2-furanyl)methyl]-a-(3-pyridinylmethyl)-2-[[(2,2,2-trifluoroethyl)- 
amino]carbonyl]-l-piperazinepentanainide; 

(aR,Y5,25)-4-(2-benzopyranylmethyl)-A^-((35,45)-3.4-dihydro-3-hydroxy-^^ 
benzopyran-4-yl)-Y-hydroxy-a-(3-pyridinylmethyl)-2-[[(2,2,2-trifluoroethyl^ 
1 5 aniino]carbonyl] - 1 -piperazinepentanamide; 

(a/?,YS,25)-iV-{(35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-a- 
(3-pyridinylmethyl)-4-(thieno[2,3-6]thien-2-ylniethyl)-2-[[(2,2,2- 
trifluoroethyl)aniino]carbonyl]- 1 -piperazinepentanamide; 

20 

(a/f,Y5,25H-[(2,6-difluorophenyl)methyll-A^-((35,45)-3,4-dih 

benzopyran-4-yl)-Y-hydroxy-a-(3-pyridinylniethyl)-2-[[(2,2,2-trifluoroethyl)- 

amino]carbonyl]-l-piperazinepentanamide; 

25 (a/^,Y5,25)-^'K(35,45)-3,4-dihyd^Ch3-hydroxy-2//-l-benzopy^an-4-^^ 

(3-pyridinylmethyl)-4-(thieno[3,2-b]thien-2-ylmethyl)-2-[[(2,2.2-trifluoroeth 
amino]carbonyl]-l-piperazinepentanamide; 

(aR,YS,25)-Ar-((35,45)-3,4-dihydro-3-hydroxy-2ff-l-benzopyran-4-yl)-Y-hydroxy- 
30 4-[(7-methoxy-2-benzofuranyI)methyl]-a-(3-pyridiriylmethyl)-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 
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(cxi?,YS,2S)-/V<(35,45)-3,4-dihydro-3-hydroxy-2ff-l-ben2opyran-4-yI)-Y^ 

(3-pyridinylmethyl)-4-[[5-(24hienyl)-2-furanyl]methyl]-2-[[(2,2,2-tri 

amino]carbonyl]-l-pipera2inepentanainide; 

5 (a«,Y5,25)-A^-((35,45)-3,4-dihydro-3-hydroxy-2/f-l-benzopyran-4-yl)-Y-hy 
[(l-phenyl-l//-pyrrol-3-yl)methyl]-a-(3-pyridinylmethyl)-2-[[(2,2,2-trifluor^^^ 
aminojcarbonyl]- 1 -piperazinepentanamide; 

(a/?,Y5,2S)-A^-((3S,45)-3,4-dihydro-3-hydroxy-2H-l-ben2opyran-4-yl)-Y-hydro^ 
10 phenyI-l//-imida2ol-4-yl)methyl]-a-(3-pyridinylmethyl)-2-[[(2,2,2-trifluoroeth^^ 
ainino]carbonyl]- 1 -piperazinepentanamide; 

(a/?,Y5,25)-A^-((35,45)-3,4-'dihydro-3-hydroxy-2//-l-benzopyran-4-yI)-Y-hydroxy- 
4-[[5-(5-niethyl-2-thienyl)-2-furanyl]niethyl]-a-(3-pyridiny]mediyl)-2-[[(2,2.^^ 
15 trifluoroethyl)amino]carbonyl]-l-piperazinepentananiide; 

(a/?,Y5,25)-A^-((35,45)-3,4-dihydro3-hydroxy-2f/-l-benzopyran-4-yl)-Y-hydroxy-4- 

[(5-phenyl-2-furanyl)methyl]-a-(4-pyridinylniethyl)-2-[[(2,2,2-trifluoroethyl)^^ 

carbonyl]-l-piperazinepentananiide; 

20 

(a/f.Y5,25)-4-(2-ben2ofuranylniethyl)-A^-((35,45)-3,4-dihydro-3-hydrox 
benzopyran-4-yl)-Y-hydroxy-a-(4-pyridinyIniethyl)-2-[[(2,2,2-trifluorc)ethyl)- 
amino]carbonyl]- 1-piperazinepentanamide; 

25 (oc/?,Y5,25)-iV-((35,45)-3,4-dihydro-3-hydroxy-2//- 1 -benzopyran^-yl)-Y-hydroxy-4- 
[l-niethyl-l-[5-(4-pyridinyl)-2-furany]]ethyl]-a-(phenylmethyl)-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 

(a/?,Y5,25)-A^-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-a- 
30 (phenylmethylH-[l-[5K4-pyridinyl)-l-furanyl]ethyl]-2>t[(2,2,2-trifluoroethyl> 
aminojcarbonyl] - 1 -piperazinepentanamide; 
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((xR,YS,2S)-A^-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy 

(phenylmethyl)-4-(I-[5-(4-pyridiiiyl)-l-furanyI]ethyl]-24[(2,2,2-tri 

amino]carbonyl]-l-piperazinepentanamide; 

5 (a/?,YS,25)-A^-((3i\45)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl)-Y-hydro 
[l-methyl-l-(l-phenyl-l/f-pyra20l-3-yl)ethyl]-a-(3-pyridinylmethyI)-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

(a/?,Y'5,25)-A^-((35,45)0 ,4-dihydro-3-hydroxy-2i/- 1 -benzopyran-4-yI)-Y-hydro^ 
10 [l-methyl-l-(3-phenyl-5-isoxazolyl)ethyl]-a-{3-pyridinylmethyl)-2-[[(2,2,2- 
lrifluoroethyl)amiTio]carbonyl]-l-piperazinepentanamide; 

(a/?,Y5,2S)-A^-((35,45)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl)^^^ 
[l-methyl-l-(3-phenyl-5-isoxazolyl)ethyl]]-a-(phenylmethyl)-2-[[(2,2.2- 
15 trifluoroethyI)aniino]carbonyl]-l-pipei^inepentanarnide; 

(a/?,Y5.25)-4-[(7-chIorobenzofuran-2-yl)methyl]-A^-((35»45)-3,4-dihydro-3"h^^^ 

2f?-l-benzopyran-4-yl)-Y-hydroxy-a-(3-pyridinylmethyl)-2-[[(2,2,2-trifluoroethyl)- 

amino]carbonyl]-l-piperazinepentananiide; 

20 

(ai?,Y5,25)-A^-((35,45)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl)-4-(^ 
furo[3,2-c]pyridin-2-yl-l-methylethyl)-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2- 
difluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 

25 (aR,Y5,25)-A^-((35,4S)-3,4-dihydrcK3-hydroxy-2//-l-ben2opyran-4-yl)-Y-h 
(phenylmethyl)-4-[[5-(2-thiazolyl)-3-pyridinyl]methyI]-2-[[(2,2,2-trifluoro^ 
aTnino]carbonyl]-l-piperazinepentaTiamide; 

(a/?,Y5,25)-A^-((3S,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yI)-Y-hydroxy-4- 
30 [[5-(2-oxazolyl>3-pyridinyl]methyl]-a-(phenylmethyl)-24[(2,2,24rifluoroet^ 
amino]carbonyl]-l-piperazinepentananiide; 
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(ai?,Y5.25)-N-((35,4S)-3.4-dihyclro-3-hydroxy-2ff- 1 -benzopyran-4-yl)-^^ 

(phenyImethyl)-4-[[5-(4-thiazolyl)-3-pyridinyI]methyl]-2-[[(2.2,2-tri 

amino]carbonyll-l-piperazinepentanamide; 

5 ((X/?,Y5,25)-N-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydro 
(phenylmethyI)-4-[[5<2-thiazolyl)-2-furanyl]methyl]-2-[[(2,2,2-trifluoroeth^ 
amino]carbonyl]-l-piperazinepentananiide; 

(aR,Y5,25)-4-[[5-(5<hloro-3-pyridinyl)-2-furanyI]methyl]-Ar.((35,^^ 
10 hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2- 
trifluoroethyI)amino]carbonyl]-l-piperazinepentanamide; 

(a/?,Y5,2S)-A^-((35,45)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl>Y-hydroxy-^ 
[(5-phenyl-2-furanyl)methyll-a-(phenylmethyl)-2-[[(2,2,2-trifluoroelhyl)am 
1 5 carbonyl]-l-piperazinepentanamide; 

(a/?,Y5,25)-4-[(4<hloro.5-phenyl-2-furanyl)methyl]-iV.((35,4S)-3,4.dihydro-3- 

hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-a-(phenylinethyl)-2-[((2,2,2- 

trifluoroethyl)aniino]carbonyl]-l-piperazinepentanamide; 

20 

(a/?,Y'S,2S)-A^-((35,4S)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4^^ 
(phenyImethyl)-4-[[5-(2-pyridinyl)-2-furanyl]methyl]-2-[[(2,2,2-trifluor^^ 
amino]carbonyl]- 1 -piperazinepentanamide; 

25 (a/?,Y5,25)-4-[[5-(5-chloro-2-pyridinyl)-2-furanyl]methyl]-iV-((35,45^ 

hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyll- 1 -piperazinepentanamide; 

(0(i?,Y5,25)-yV-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-4- 
30 [[5-(2-methyl-4.pyridinyl)-2-furanyl]methyl]-a-(phenylinethyl)-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 
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(aR,Y5,2S)-A^-((3S,45)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl)-4-[[ 

4-pyridinyl)-2-furanyl]methyl]-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2-triflu^^ 

amino]carbonyl]-l-piperazinepentanamide; 

5 (a/?,Y5,25)-A^-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-h 

[[5-(5-oxazoIy])-2-furanyl]methyl]-a-(phenylmethyl)-2-[[(2,2,2-trifluoroethyl> 
amino]carbonyl]- 1 -piperazinepentanamide; 

(a/?,Y5,2S)-Ar-((3S,45)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl)«Y-hydro 
10 (phenylmethyI)-4-[[lK4-pyridinyl)-lH-pyrrol-3-yl]methyl]-24[(2,2,24rifIuor^^ 
amino]carbonyl]-l-piperazinepentanamide; 

(a/?,Y5,25)-A^-((35,45)-3,4-dihydrc>-3-hydroxy-2//-l-ben2opyra^ 
(phenyImethyl)-4-[[l-(3-pyridinyl)-lff-pyrrol-3-yl]methyl]-2-[[(2,2.24rifluo 
IS amino]carbonyl]-l-piperaz]nepentananiide; 

(a/?,Y5,25)-A^-((35,4S)-3,4-dihydro-3-hydroxy-2//-l-beiizopyran-4-yl)-Y-hydroxy-a^ 

(phenylmethyl)-44[5K4-pyridazinyl)-2-furanyl]methyl]-2-[[(2,2,2-trifluoroelh 

amino]carbonyl]-l-piperazinepentanainide; 

20 

(a/?,Y5,25)-A/^-((3S,4S)-3,4"dihydro-3-hydroxy-2i/-l-benzopy^^^ 
[l-methyl-l-[3-methyl-5<4-pyridinyl)-2-furanyI]ethyl]-a-(phenylmethyl)-2-[[(^ 
trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 

25 ((X/?,Y5,25>A^<(35,4S)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-^^^^ 

(phenylmethyI)-4-[[5-(2-pyrazinyl)-2-furanyl]methyI]-2-[[(2,2,2-trifluoroethyl)- 
amino]carbonyl]-l-piperazinepentanamide; 

(a/?j5,25)-A^-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-^ 
30 [[5-(l-methyl-l//-pyrazoM-yl)-3-pyridinyl]methyl]-a-(phenylmethyl)-24[(2,^ 
trifluoroethyl)amino]carbonyl]-l-piperazinepentananiide; 
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(a/?,Y'S,25)- A^-((3S,45)0,4-dihydro-3-hydroxy-2i/-l-benzopyran-4-yl)-Y-hyd^ 
(phenylmethyl)-4-[[5-(2-thienyI)-3-pyridinyl]methyl]-2-[[(2,2,2-trifluoroet^ 
carbony 1] - 1 -piperazinepentanamide; 

5 (a/?,Y5,2S)-A^-((35,4S)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydra 
(phenylmethyl)-4-[[5-(3-thienyl)-3-pyridinyl]methyl]-2-[[(2,2,2-trifluoroeth^ 
aminojcarbonyl]- 1 -piperazinepentanamide; 

(a/?,Y5,2S)-A^-((3S,4S)-3,4-dihydro-3-hydroxy-2tf-l-benzopyran-4-yl)-Y-hydroxy-a- 
10 (phenylmethylH-[[5-(4-pyrimidinyl)-2-furanyI]methyl]-2.[[(2,2,2- 
trifluoroethyOaminoJcarbonyl]- 1 -piperazinepentanamide; 

(a/?,Y5,2S)-4-[(7-chlorofuro[3,2-c]pyiidin-2-yl)methyl]-A^-((35,45)-^ 
hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-a-(phenylniethyl)-2-([(2,2,2- 
1 5 trifluoroethyOaminoJcarbonylJ- 1 -piperazinepentanamide; 

(a/?jS,25)-A^-((3S,45)-3,4-dihydrc)-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hyd 
(phenylmethyl)-4.[[5-(3-pyridinyl)-2-oxazolyI]methyl]-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyll- 1 -piperazinepentanamide; 

20 

(a/?,Y5,25)-N-((35,4S)-3,4-dihydro-3-hydroxy-2f/^-l-benzopyran-4-yl)-Y-hydro 

(phenylmethyI)-4-[[5-(2-pyridinyl)-2-oxazolyI]methy1]-2-[[(2,2,2-trifluoroethyl)- 

amino]carbonyl]-l-piperazinepentanamide; 

25 (cx/?,YS,25)-A/^-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy- 
a-(phenylmethyl)-4-[l-methyl-l-[5-(2-pyridinyl)-2-oxazolyl]ethyl]-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 

((X/?,Y5,25)-iV-((35,4S)-3.4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-4- 
30 [l-methyM-[5-(3-pyridinyl)-2-oxazolyl]ethyl]-a-(phenylmethyl)-2-[[(2,2,2- 
trifluoroethyl)aminolcarbonyl]-l -piperazinepentanamide; 
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(a/?,YS,25)-N-((3S,4S)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hyd^ 

[(5-phenyI-2-furanyl)methyl]-a-(5-pyrimidinylmethyl)-2-[[(2,2,2-lrifluorTO^ 

aminolcarbonyl]-l-piperazinepentanamide; 

5 (a/?,Y5,2S)-A^-((35,45)-3,4-dihydro-3-hydroxy-2«4-benzopyran-4.yI)-Y-hydroxy-4^ 
[(5-phenyl-2-furanyI)methyll-a-(2-pyrazinylmethyl)-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 

(a5j5,25)-N-((35,45)-3,4-dihydro-3-hydroxy-2f/-l-benzopyran-4-yl)-Y-hydroxy-4- 
10 [[5-(2-pyridinyl)-2-furanyl]methyl]-a(2-thienylmethyl)-2-[[(2.2,2-trifl 
ainino]carbonyl]- 1 -piperazinepentanamide; 

(a5,Y5.2S)-/^-((35,45)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-^^ 
[[5-(5-pyrimidinyl)-2-furanyI]methyl]-a-(5-thienylmethyl)-2-[[(2,2,2- 
15 trifluoroethyl)amino]carbonyll-I-pipera2inepentanamide; 

(aS,Y5,2S)-Ar-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-4- 
[[5-(2-pyridinyl)-2-furanyl]methyl]-a-(3-thienylniethyl)-24[(2,2,2-trifl 
amino]carbonyl]- 1 -piperazinepentanamide; 

20 

(a/?,Y5,2S)-A^-((3S,45)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl)-Y-hydroxy^^ 

[(5-phenyl-2-furanyl)methyl]-a-(2-pyridinylmethyl>2-[[(2,2,2-trifluoroe 

carbonyl]-l-piperazinepentanamide; 

25 (aK.YS»2S)-NK(15,2R)-l,2.dihydro-2-hydroxy-lff-inden-l-yl)-Y-^ 

(phenyImethyl)-4-[[5-(2-pyridinyl)-2-furanyl]methyl]-2-[[(2,2,2-trifluoroethyl)- 

aminojcarbonyll- 1 -piperazinepentanamide; 

(a/?,Y5,2S)-4-[[5-(5-chloro-2-pyridinyl)-2-furanyl]methyl]-A^-((lS,2R>l,^ 
30 hydroxy-l//-inden-l-yl)-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2-trifluoroethyl)- 
amino]carbonyl]- 1 -piperazinepentanamide; 
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(a/i,YS,25)-A?-((35,45)-3,4-dihydro-3-hydroxy-2//- 1 -benzopyra^ 

[l-melhyI-l-[5-(5-chloro-3-pyridinyl>2-oxazolyl]ethyl]-a-(phenylmethyl)-2-[K^^ 

trifluoroethyl)ainino]carbonyl]-l-piperazinepentananiide; 

5 (a/?,Y5,25)-N-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydr^^ 
a-(phenylTnethyl)-4-[l-methyl-l-[5-(5-chloro-2-pyridinyl>2-oxazolyl]ethyl]-2- 
[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

(a/?,YS,25)-iV-((35.4S)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydrox 
10 [(3-chloro-l-phenyl-lfr-pyrrol-3-yl)niethyl]-a-(3-pyridinylmethyl)-2-[[(2,2,2- 
trifluoroethyI)amino]carbonyl]-l-piperazinepentanamide; 

(ai?,YS,25)-N-((35,45)0,4-dihydro-3-hydroxy-2ff-l-benzopyran-4-yl)^^^ 
[(4-chloro-l-phenyl-lW-pyrrol-3-yl)methyl]-a-(3-pyridinylmethyl)-2-[[(^^ 
1 5 trifluoroethyl)amino]carbonyI]- l-piperazinepentanamide; 

(a/?,YS,25)-yV-((35,45)-3,4-dihydro-3-hydroxy-2ff-l-benzopyran-4-yl)-Y-hydroxy-4- 

[l-methyl-l-(l-phenyl-l//4riazoyl-4-yl)ethyl]-a-(3-phenylmethyl)-2-[[(2 

trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

20 

(a/?j5,25)-iV-((3S,45)-3,4-dihydro-3-hydroxy-2fr-l-benzopyran-4>yl>^^ 
[ 1-methyl- 1-( I -phenyl- lff-triazoyl-4-yl)ethyl]-a-(3-pyridinylm^ 
trifluoroethyl)amino]carboiiyl]-l-piperazinepentanamide; 

25 (a/?,YS,25)-//-(4S-3,4-dihydro-l//-2,2-dioxobenzothiopyranyl)-Y-hydroxy-a- 
(phenylmethyl)-4-[[5-(5-pyrimidinyl)-l-furanyl]methyI]-2-[[(2.2,2- 
trifluoroethyl)aniino]carbonyl]-l-piperazinepentanaTnide; 

(a/?.Y5,25)-iV-(45--3.4-dihydro-lW-2,2-dioxobenzothiopyranyl)-Y-hydroxy-a- 
30 (phenylmelhyl)-4-[[5-(2-pyridinyI)-2-furanyl]methyl]-2-[[(2,2,2-trifluoroethyl)- 
amino]carbonyl]-l-piperazinepentanamide; 

(<X/?,Y5.25)-Ar-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-4- 
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[l-methyl4-[5-(2-methyl-4-pyridinyI)-2-furanyl]ethyl]-a-(phenylm^^ 
trifluoroethyl)amino]carbonyl]-l-pipera2inepentanamide; 

and pharmaceutically acceptable salts thereof. 

5 

Also exemplifying the invention are compounds selected from the 
group consisting of 

(a/?,Y5,25)-A^-[(35,4S)-3,4-dihydro-3-hydroxy-2iF/-l-benzopyran-4-yl]-Y-hydroxy-^ 
10 [ 1 -[5-(5-methoxy-3-pyridinyl)-2-oxazolyl]-l-methylethyl]-a-(phenylmethyl)-2- 
[[(2,2,2-trifluoroethyl)amino]carbonyll-l-piperazinepentanamide; 

(a/?,Y5,25)-A^-[(3S,45)-3.4Klihydro-3-hydroxy-2//-l-benzopyran-4-yl]-4-^ 
methyl-3-pyridinyl)-2-oxazolyll-l-methylethyll-Y-hydroxy-a<phenylmethyl>2- 
15 [[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

(ot/?,Y5,25)-Ar4(35,45)-3,4-dihydro-3-hydroxy-2H.l-benzopyran-4-yl]-4-[l-[5-(5- 
hydroxy-3-pyridinyl)-2-oxazolyl]-l-methylethyl]-Y-hydroxy-a-(phenylmethyl)-2- 
[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

20 

(oc/f,Y5,2S)-4-[l-[5-[5-(difluoromethoxy)-3-pyridinyl]-2-oxazolyl]-l-methylethyl]-N^ 
[(35.4S)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yI]-Y-hydroxy-a-(^^^ 
2-[[(2,2,2-trifluoroethyl)amino]carbonyll - 1 -piperazinepentanamide; 

25 (a/f,Y5,2S)-4-[l-[5-[5Kdifluoromethyl)-3-pyridinyl]-2-oxazolyl]-l-methylethyl]-iV- 
[(35,4S)-3,4-dihydro-3-hydroxy-2ff-l-benzopyran-4-yl]-Y-hydroxy-a-(phenylmethyl)- 
2-[[(2,2,2-trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 

(a/?,YS,25)-A^-[(3S,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-44145-(^^ 
30 fluorophenyl)-2-oxazolyl]-l-methylethyl]-Y-hydroxy-a-(phenylmethyl)-2-[[(2.2,2- 
trifluoroethyl)amino]carbonyl]-l-piperazine-pentanamide; 
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(a/?,Y5,25)-A^-[(35.45)-3,4-dihydrO'3-hydroxy-2/y-l-benzopyran-^^ 

fluorophenyl)-2-oxazolyl]-l-niethylethyI]-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2- 

trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

5 (cx«,Y5,25)-A^-[(35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-4-[l-[5^ 
fluorophenyl)-2-oxazolyl]-l-methylelhyl]-Y-hydroxy-a-(phenylmelhyl)-2-[[(2,2,2- 
trifluoroethyI)aminolcarbonyl]-l-piperazinepentanamide; 

(aR,YS,25)-A^-[(35,4S)-3.4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl]-Y-hydroxy-^^ 
10 [l-[5-(5-ethoxy-3-pyridinyl)-2-oxazolyl]-l-methylethyl]-a-(phenyImethyl^^^^ 
trifluoroethyl)aminolcarbonyl]-l-piperazinepentanamide; 

((xR,Y5,25)-N-[(35,45)-3,4-dihydro-3-hydroxy-2f/-l-benzopyran-4-yl]-Y-hydroxy^ 
[l-[5-(5-fluoro-3-pyridinyl>2-oxazolyl]-l-methylethyll-a-(phenylmethyl)-2-[ 
1 5 irifluoroethyl)aminolcarbonyl]- 1 -piperazinepentanamide; 

(a/?,Y5,25)-iV-[(35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-Y-hydroxy-4- 
[l-[5-(5-ethyl -3-pyridinyl)-2-oxazolyl]-l-methylethyl]-a-(phenylmethyl)-2-[[(2,2,2- 
lrifluoroethyl)aTnino]carbonyl]-l-piperazinepentananiide; 

20 

(a/f,Y5,25)-Ar-[(3S,45)-3,4-dihydn)-3-hydroxy-2H-l-benzopyran-4-yll-^^ 
[l-methyl-l-[5-(5-propylO-pyridinyl)-2-oxazolyl]ethyl]-a-(phenylmethyl> 
trifluoroethyl)amino]carbony]l- 1 -piperazinepentanamide; 

25 {aR,yS,2S)-N' [(35,45)-3 ,4-dihydro-3-hydroxy-2i?- 1 -benzopyran-4-yl] -Y-hydroxy-4- 
[l-methyl-l-[4-methyl-5-(3-pyridinyl)-2-oxazolyl]elhyl]-a-(phenylmethyl)-2-[[(2,2,2 
trifluoroethyl)aTnino]carbonyI]-l-piperazinepentananiide; 

(a/?,Y5,25)-yV-[(35,4S)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-Y-hydroxy-4- 
30 [l-[5-(5-methoxy-3-pyridinyl)-4-melhyl-2-oxazolyl]-l-methylethyl]-a- 

(phenylTnethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 
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(a/?,Y5,25)-iV-[(3S,4S)-3,4-dihydro-3-hydroxy-2H4-ben2opyran-4-yll-Y-hydroxy^ 
[l-methyl-l-[5-[5-(methyIthio)0-pyridinyl]-2-oxazolyl3ethyI]-a-(ph 
[[(2,2,2-trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 

5 ((xJ?,Y5,25)-N-[(3S,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran.4-yl]-Y-hyd^^ 
[l-[5-(5-dimethylamino-3-pyridinyl)-2-oxazolyl]-l-methylethyl]-a-(phenylm^ 
[[(2,2,2-trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamijle; 

(a/?,Y5,25)-4-[143-(5-methoxy-3-pyridinyl)-5-isoxazoly]-l-methylethyl]-A^-[(35,^^^ 
10 3,4-dihydr()-3-hydroxy-2H-l-benzopyran-4-yl]-Y-hydroxy-a-(phenylinethyl)-2- 
[[(2,2,24rifluoroethyl)aniino]carbonyl]-l-piperazinepentanainide; 

(a/?,YS,2S)-4-[l-[2-(5-methoxy-3-pyridinyl)-4-thiazolyl]-l-metf^ 
3.4-dihydn>-3-hydroxy-2//-l-bcnzopyran-4-yl]-Y-hydroxy-a-(phenylmeth 
15 [[(2,2,2-trifluor()ethyl)aminolcarbonyl]-l-pipera2inepentanamide; 

(a/?,Y5,25)-4-[l-[2-(5<hloro-3-pyridinyl)-4-thiazolyl]-l-methylethyl]-^^ 

dihydro-3-hydroxy-2//-l--benzopyran-4-yl]-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2-- 

trifluoroethyl)amino]carbonyll-l-pipera2inepentanamide; 

20 

(a«,Y5.25)-4-[l-[2-(3-pyridinyl)-44hiazolyI]-l-methylethyI]-//-[(^ 
3-hydroxy-2if-l-benzopyran-4-yll-Y-hydroxy-a<phenylmethyl)-2-[[(2,2,^ 
trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 

25 ((x/?,Y5,2S)-Ar-[(3S,4S)0,4-dihydro-3-hydroxy-2ff-l-benzopyran-4-^^ 

[l-[l-(5-methoxy-3-pyridinyl)«lH-pyrazol-3-yl]-l-methylethyl]-a-(phenyl^ 
[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

(a/?,Y5,25)-Ar-[(3S,45)-3,4-dihydro-3-hydroxy-2//-l--benzopyran-4-yl]-Y-hydroxy-^^ 
30 [l-[l-(5-chloro-3-pyridinyl)-lH-pyrazol-3-yl]-l-methylethyl]-a-(phenylmethyO 
[[(2,2,2-trifluoroethyl)amino]carboriyl]-l-piperazinepentanamide; 



-49- 



wo 01/38332 



PCT/USOO/32089 



(a/?,Y5,25)-^-[(35,45)-3,4-dihydro-3-hydroxy-2f/-l-ben2opyran-4-yl]-^^ 

[l-[i-(5-fluoro-3-pyridinyl)-l//-pyra2ol-3-yl]-l-methylethyl]-a-(phenylmethyl)^^^ 

[[(2,2,24rifluoroethyl)amino]carbonylJ-l-piperazinepentaiiamide; 

5 (a/?j5,25)-A^-[(35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-Y-hydroxy 
[l-[l-(3-pyridinyl).l//-pyrazol-3-yl]-l-methylethyl]-a-(phenylmethyl>2-[[(2,^^ 
trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

(cx/?,Y5,25)-4-[145-phenyl-2-oxazoIyl]-l-methylethyl]-N-[(35,4S)-3,^ 
10 hydroxy-2//-l-benzopyran-4-yl]-a-(furo[23-c]pyridin-2-ylmethyl)-Y-hydroxy-2 
[[(2,2,2-trifluoroethyl)arnino]carbonyl]-l-piperazinepentaiiarnide; 

(a/?,Y5,2S)-4-[ 1 -[5-(4-chlorophenyI)-2-oxazolyl]- 1 -methylethyl]-A/'-[(35,45)-3,4- 
dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-a-(furo[2,3-c]pyridin-2-yImethyl)-Y- 
15 hydroxy-2-[[(2,2,2-trifluoroethyl)amino]cari5onyl]-l-piperazinepentanamide^ 

((x;?,Y5,25H-[l-[5K4-fluorophenyl).2-oxazolyl]-l-methyIethyl]-A^-[(35^^^ 

dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-a-(furo[2,3-c]pyridin-2-ylmethyl)-Y- 

hydroxy-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanam 

20 

(aR,Y5,25)-4-[l-[5K4-chlorophenyl)-2-oxazolyI]-l-methylethyl]-N-^ 

dihydro-3-hydix)xy-2//-l-benzopyran-4-ylJ-a-(fiiro[23-c]pyridin-3-ylmethyl)^^^ 

hydroxy-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanam 

25 (a«,Y5,25H-[l-[5-(4-fluorophenyl)-2-oxazolyl]-l-methylethyl]-iV-[(35,^^ 

dihydro-3-hydroxy-2//-l-benzopyran-4-yll-a-(furo[23-c]pyridin-3-ylmethyl)-Y- 
hydroxy-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanaTnide; 

(<x/?jS.2S)-A^-[(3S,4S)-3,4.dihydro-3-hydroxy-2//4-benzopyran-4-yl]-4-^ 
30 fluorophenyl)-2-oxazolyl]-l-methyIethyl]-a-(furo[23-^flpyrimidin-6-yImethyl)-Y- 
hydroxy-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 



and pharmaceuticaJly acceptable salts thereof. 
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A preferred aspect of the present invention is a compound selected 
from the group consisting of 

(a«,Y5,25)-A^'((35,45)0.4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-4-(l- 
5 furo[3,2-c]pyridin-2-yM-methylethyl)-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

(a/?,Y5,25)-A^-((35,4S)-3,4-dihydro-3-hydroxy-'2//-l-benzopyran-4-yl)-Y-hydroxy-4- 
[(5-phenyl-2-furanyl)methyl]-a-(4-pyridinylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]- 
10 carbonyl]- 1 -piperazinepentanamide; 

(ot/f,Y5,25)-A^-((35,4S^-3.4-dihydro-3-hydroxy-2//-l-ben20pyran-4-yl)-Y-hydroxy-4 

[l-methyl-l-(l-phenyl-li/-pyrazol-3-yl)ethyl]-a-(3-pyridinyImethyl)-2-[[a^ 

trifluoroethyl)amino]carbonyl]-i-piperazinepentananude; 

15 

((x/?,Y5,25)-N-((35,4S)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-a- 

(phenylmethyl)-4-[[5''(2-pyridinyl>2-furanyl]methyl]-2-[[(2,2>trifluoroethyl)- 

anuno]carbonyl]-l-piperazinepentananiide; 

20 ((x/?,YS,25H4I5-(5K;hIoro-2-pyridinyl)-2-furanyl]methyl]-iV^-((35,45)^ 
hydroxy-2i/-l-benzopyran-4-yl)-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 

(ct/?,YS,25)-iV-((35,45)-3,4-dihydro-3-hydroxy-2i/-l-benzopyran-4'yl)-Y-hydroxy-4- 
25 [l-methyI-l-[5-(3-pyridinyl)-2-oxazolyl]ethyl]-a-(phenylmethyl)-2-[[(2,2,2- 
trifluoroethyI)aniino]carbonyl]-l-piperazinepentanamide; 

(a/?,YS,25>N4(35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-y!]-Y-hydroxy-4- 
[l-[5-(5-methoxy-3-pyridinyl)-2-oxazolyl]-l-methylethyl]-a-(phenylmethyl)-2- 
30 [[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

(ocR,YS,25)-A^-[(3S.45)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl]-Y-hydroxy-4- 

[l-[5-(5-fluoro-3-pyridinyl)-2-oxazolyl]-l-mcthylethyl]-a-(phcnyImethyl)-2-[[^^ 

trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

35 
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(a/?,Y5,2S)-A^-[(35,45)0,4-dihydro-3-hydroxy-2//-l-ben2opyran-4-yl]-Y-hyd 
[l-[l-(5-fluoro-3-pyridinyl)-l//-pyrazo]-3-yl]-l-methylethyl]-a-(phenylmethyl)-2-- 
[((2,2.2-trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 

5 (a/?,Y5,2S)-4-[l-[5-(4-chlorophenyl)-2-oxa2oIyl]-l-methylethyl]-A^-[(35^^^ 

dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-a-(furo[2,3-c]pyridin-2-ylmethyJ)-Y- 
hydroxy-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-I-piperazinepentanamide; 

(a/?jS,25)-4-[l-[5-(4-fluorophenyl)-2-oxa2olyl]-l-methylethyl]-Ar-[(35,4^^ 
10 dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-a-(furo[2,3-c]pyridin-2-yliTiethyl)-^^ 
hydroxy-2-[[(2,2,2-trinuoroethyl)amino]carbonyl]-l-pipera2inepentananiide; 

(a«,Y5,2S)-4-[l-[5-(4-chlorophenyl)-2-oxazolyl]<l-methylethyl]-A^^ 
dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-a-(furo[23-c]pyridin-3-ylmethyl)-Y- 
15 hydroxy-2-[[(2.2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

(aR,Y5.2S)-4-[l-[5-(4-nuorophenyI)-2-oxazolyl]-l-methyIethyl]-A^-^ 

dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-a-(furo[2,3-<:]pyridin-3-ylmethyl)-Y- 

hydroxy-2-[[(2,2,2-lrifluoroethyl)arnino]carbonyl]-l-piperazinepentanaTnide; 

20 

(a/?j5,25)-A/^-[(35.45)-3,4-dihydn).3-hydroxy.2//-l-benzopyran-4-^^ 

fluorophenyl)-2-oxazolyl]-l-methylethyl]-a-(furo[23-d]pyrimidin-6-ylmeA 

*hydroxy-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

25 and pharmaceutically acceptable salts thereof. 

Other embodiments of the present invention include the following: 

(a) A pharmaceutical composition comprising a therapeutically 
effective amount of a compound of Formula (I) and a pharmaceutically acceptable 

30 carrier. 

(b) A pharmaceutical composition made by combining a 
therapeutically effective amount of a compound of Formula (I) and a pharmaceutically 
acceptable carrier. 
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(c) The pharmaceutical composition of (a), wherein the 
composition further comprises a therapeutically effective amount of at least one AIDS 
treatment agent selected from the group consisting of AIDS antiviral agents, 
immunomodulators, and anti-infective agents, 
5 (d) The pharmaceutical composition of (a), wherein the 

composition further comprises a therapeutically effective amount of at least one 
antiviral agent selected from the group consisting of non-nucleoside HIV reverse 
transcriptase inhibitors and nucleoside HTV reverse transcriptase inhibitors. 

(e) The pharmaceutical composition of (d), further comprising a 
10 therapeutically effective amount of an additional HIV protease inhibitor. 

(g) The pharmaceutical composition of (a), wherein the 
composition further comprises a therapeutically effective amount of at least one 
antiviral agent which is a CCR5 receptor antagonist. 

(h) The pharmaceutical composition of (a), wherein the 

15 composition further comprises a therapeutically effective amount of at least one 
antiviral agent which is an HIV integrase inhibitor. 

(i) The pharmaceutical composition of (a), further comprising a 
cytochrome P450 monooxygenase inhibitor (e.g., indinavir or ritonavir or a 
pharmaceutically acceptable salt thereof) in an amount effective to improve the 

20 pharmacokinetics of the compound. 

(j) A method of inhibiting HIV protease in a subject in need 
thereof which comprises administering to the subject a therapeutically effective 
amount of a compound of Formula (I). 

(k) A method of preventing or treating infection by HTV in a 
25 subject in need thereof which comprises administering to the subject a therapeutically 
effective amount of a compound of Formula (I). 

(1) A method of treating AIDS in a subject in need thereof which 
comprises administering to the subject a therapeutically effective amount of a 
compound of Formula (I). 
30 (m) The method of (j) or (k) or (1), wherein the compound of 

Formula (I) is administered in combination with a therapeutically effective amount of 
at least one AIDS treatment agent selected from the group consisting of AIDS 
antiviral agents, immunomodulators, and anti-infective agents. 

(n) The method of (j) or (k) or (1), wherein the compound of 
35 Formula (I) is administered in combination with a therapeutically effective amount of 
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at least one antiviral agent selected from the group consisting of non-nucleoside HTV 
reverse transcriptase inhibitors and nucleoside HIV reverse transcriptase inhibitors. 

(o) The method of (j) or (k) or (1), wherein the compound is 
administered in combination with a cytochrome P450 monooxygenase inhibitor in an 
5 amount effective to improve the pharmacokinetics of the compound. 

(p) A method of inhibiting HIV protease in a subject in need 
thereof which comprises administering to the subject a therapeutically effective 
amount of any one of the compositions set forth in (a) to (i). 

(q) A method of preventing or treating infection by HIV in a 
10 subject in need thereof which comprises administering to the subject a therapeutically 
effective amount of any one of the compositions set forth in (a) to (i). 

(r) A method of treating AIDS in a subject in need thereof which 
comprises administering to the subject a therapeutically effective amount of any one 
of the compositions set forth in (a) to (i). 
15 Additional embodiments of the invention include the pharmaceutical 

compositions and methods set forth in (a)-(r) above, wherein the compound employed 
therein is a compound of one of the embodiments, classes, or sub-classes of 
compounds described above. 

The present invention also includes a process for preparing compounds 
20 of Formula (n): 




which comprises reacting a piperazine of Formula (HI): 
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with an aldehyde of formula Rl-CHO in the presence of a reducing agent; wherein 
R1, R4, r5 and r6 are independently as defined above in Formula (I) or as defined in 
any embodiments, classes or aspects thereof. . Suitable reducing agents include sodium 
5 cyanoborohydride, sodium triacetoxyborohydride, hydrogen plus a hydrogenation 

catalyst (e.g., a trasition metal catalyst - such as Ni, Pt or Pd - or a compound thereof 
- such as a halide, hydroxide, or oxide-), zinc with HCl, sodium borohydride, iron 
pentacarbonyl with alcoholic KOH, and selenophenol (PhSeH). In one embodiment, 
the reducing agent is sodium cyanoborohydride or sodium triacetoxyborohydride. 

10 The reaction is typically conducted in a solvent, which can be any 

inorganic or organic substance which can dissolve, disperse, and/or suspend the 
reactants and is chemically inert under the reaction conditions employed. Suitable 
solvents include C2-C4 nitriles (e.g., acetonitrile and propionitrile), N,N-di-Ci-C6 
alkyl tertiary amides of Ci-Cg alkylcarboxylic acids (e.g., DMF and N,N- 

15 dimethylacetamide), C5-C6 cyclic tertiary amides (e.g., N-methylpyrrolidone), 

aliphatic C2-C6 ethers and di -ethers (e.g., ethyl ether, MTBE and dimethoxyethane), 
C4-C6 cyclic ethers and di-ethers (e.g., THF and dioxane), and combinations of two 
or more of the foregoing. In one embodiment, the solvent is an N,N-di-Ci-C4 alkyl 
tertiary amide of a C1-C4 alkylcarboxylic acid. In another embodiment, the solvent is 

20 DMF, N,N-dimethylacetamide, or N-methylpyrrolidone. 

The reaction temperature is suitably in a range of from about -20 to 
about 100 °C, and is typically in a range of from about -10 to about 80°C. In one 
embodiment, the temperature is in a range of from about 0 to about SO^'C (e.g., from 
about 0 to about 30°C). 

25 The relative amounts of reactants and reagents are typically selected so 

as to maximize the conversion of Compound HI and the yield of Compound H. 
Accordingly, at least about one equivalent of aldehyde is typically employed per 
equivalent of Compound ID. In one embodiment, the aldehyde is employed in an 
amount in the range of from about 1 to about 5 equivalents (e.g., from about 1 to 

30 about 1.5 equivalents) per equivalent of Compound H. The reducing agent is typically 
also employed in an amount of at least about one equivalent per equivalent of 
Compound HI. In one embodiment, an equal number of equivalents of reducing agent 
and aldehyde are employed in the reaction. 

In a typical procedure, Compound m and the aldehyde are dissolved in 

35 the solvent at a relatively low temperature (e.g., below about 5°C), followed by 
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10 



20 



addition of the reducing agent, after which the reaction mixture is warmed to reaction 
temperature (e.g., from about 20 to about 25°C) and maintained at that temperature 
until the reaction is complete, as determined by a standard method of monitoring the 
progress of the reaction (e.g., HPLC). Compound n can then be recovered from the 
reaction mixture using conventional procedures such as filtration and washing of the 
precipitate. Yields of at least about 70% can be achieved by the process. 

One embodiment of this process is a process for preparing compounds 
of Formula (U-A): 



R^^'^N^'^ OH 




^ ^N, 



NH 

(n-A). 



which comprises reacting a piperazine of Formula (IQ-A): 



HN > OH 



R^ 




^ ^ ^N. 



O^NH 



(m-A) 



with an aldehyde of formula Ri-CHO in the presence of a reducing agent; wherein 
15 Rl, r4, r5 and r6 are independently as defined above in Formula (I) or as defined in 
any embodiments, classes or aspects thereof. 

Another embodiment of this process is a process as set forth in the 
preceding paragraph, wherein: 



// V . y/ '^v 



Rl 



IS * or AS 
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(L)t 




10 



wherein X is O or S, and J is 
heterocycle, or substituted heterocycle; where 

t is an integer from zero to 2; 
each L is independently hydrogen, halogen, cyano, 
hydroxy, C1-C4 alkyi, fluorinated G1-C4 alkyi, or C1-C4 

alkoxy; 

heterocycle is 



substituted heterocycle is heterocycle as defined above 
having one or more substituents independently selected from 
halogen, C1-C4 alkoxy, C1-C4 alkyi, fluorinated C1-C4 
alkoxy, fluorinated C1-C4 alkyi, -S-CH3, -N(CH3)2, thiazolyl, 
and oxazolyl; 





R4is 




20 



R5 is 
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OH 




5 

As used herein, the tenn "C1-C6 alkyl" refers to a linear or branched 
chain alkyl group having from 1 to 6 carbon atoms, and is selected from the hexyl 
alkyl and pentyl alkyl isomers, n-, iso-, see- and t-butyl, n- and isopropyl, ethyl and 
methyl. "C1-C4 alkyl" refers to a linear or branched chain alkyl group having from 1 

10 to 4 carbon atoms, and is selected from n-, iso-, sec- and t-butyl, n- and isopropyl, 
ethyl and methyl. 

The term "C2-C6 alkenyl" refers to a linear or branched chain alkenyl 
group having from 2 to 6 carbon atoms, and is selected from the hexyl alkenyl and 
pentyl alkenyl isomers, 1-, 2- and 3-butenyl, 1- and 2-isobutenyl, 1- and 2-propenyl. 
15 and ethenyl. "C2-C4 alkenyl" has an analogous definition. 

The term "C2-C6 alkynyl" refers to a linear or branched chain alkynyl 

group having from 2 to 6 carbon atoms, and is selected from the hexyl alkynyl and 
pentyl alkynyl isomers. 1-, 2- and 3-butynyl, 1- and 2-propynyl, and ethynyl. "C2-C4 

alkynyl" has an analogous definition. 
20 The term "C1-C6 alkoxy" means an -O-alkyl group wherein alkyl is Ci 

to C6 alkyl as defined above. "C1-C4 alkoxy" has an analogous meaning; i.e., it is an 

alkoxy group selected from methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, 
isobutoxy, tert-butoxy, and sec-buloxy. Similarly, "C1-C3 alkoxy" is selected from 

methoxy, ethoxy, n-propoxy, and isopropoxy. 
25 The term "C3-C6 cycloalkyl" refers to a cyclic ring selected from 

cyclopropyl, cyclobutyl, cyclopentyl. and cyclohexyl. "C3-C5 cycloalkyl" has an 

analogous meaning. 

The term "C3-C6 azacycloalkyl" refers to a saturated monocyclic 

group consisting of one nitrogen and from 3 to 6 carbon atoms, selected from 
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azetidinyl (i.e., azacyclobutyl), pyrrolidinyl (azacyclopentyl), piperidinyl 
(azacyclohexyl), and hexahydroazepinyl (azacyclohepiyl). "C3-C5 azacycloalkyl" has 

an analogous meaning. 

The term "halogen" (which may alternatively be referred to as "halo") 
5 refers to fluorine, chlorine, bromine and iodine (alternatively, fluoro, chloro, bromo, 
and iodo). 

The term "fluorinated C1-C6 alkyl" (which may alternatively be 
referred to as "C1-C6 fluoroalkyl")-nieans a Ci-Cg alkyl group as defined above with 
one or more fluorine substituents. The term "fluorinated C1-C4 alkyl" has an 

10 analogous meaning. Representative examples of suitable fluoroalkyls include the 
series (CH2)0-3CF3 (i.e., trifluoromethyl, 2,2,2-trifluoroethyl, 3,3,3-trifluoro-n- 

propyl, etc.), 1-fluoroethyl. 2-fluoroethyl, 2,2-difluoroethyl, 3,3,3-trifluoroisopropyU 
1,1,1,3,3,3-hexafluoroisopropyl, and perfluorohexyl. 

The term "fluorinated Ci-Cg alkoxy" (which may alternatively be 
15 referred to as "Ci-Cg fluoroalkoxy") means a C1-C6 alkoxy group as defined above 

wherein the alkyl moiety has one or more fluorine substituents. The terms 
"fluorinated C1-C4 alkoxy" and "fluorinated C1-C3 alkoxy" have analogous 
meanings. Representative examples include the series O(CH2)0-3CF3 (i.e., 
trifluoromethoxy, 2,2,2-trifluoroethoxy, 3,3,3-trifluoro-n-propoxy, etc.), 1,1,1,3,3,3- 

20 hexafluoroisopropoxy, and so forth. 

The term "carbocyclic" (which may alternatively be referred to as 
"carbocycle") refers to a saturated or unsaturated monocyclic ring consisting of from 5 
to 7 carbon atoms or a saturated or unsaturated bicyclic ring consisting of from 7 to 10 
carbon atoms. It is understood that either or both rings of the bicyclic may be 

25 saturated or unsaturated. Exemplary carbocyclics include, but are not limited to, 
cyclopentyl, cyclohexyl, cylcoheptyl, cyclopentenyl, cyclohexenyl, cycloheptenyl, 
phenyl, naphthyl, tetrahydronaphthyl (tetralin), indenyl, and indanyl. 

The term "aryl" refers to aromatic mono- and poly-carbocyclic ring 
systems, wherein the carbocyclic rings in the polyring systems may be fused or 

30 attached to each other via a single ring carbon. Suitable aryl groups include, but are 
not limited to, phenyl, naphthyl, and biphenylenyl. 

The term "substituted aryl" refers to an aryl group as defined above 
having one or more substituents independently selected from cyano, halo, hydroxy, 
C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C1-C6 alkoxy, fluorinated Ci-Cg alkyl, 

35 fluorinated C1-C6 alkoxy, heterocycle, substituted heterocycle, and the like. 
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The term "heterocyclic" (which may alternatively be referred to as 
"heterocycle") refers to (i) a 4- to 8-membered, saturated or unsaturated monocyclic 
ring consisting of carbon atoms and one or more heteroatoms selected from N, O and 
S or (ii) a 7- to 10-membered bicyclic ring system, either ring of which is saturated or 
5 unsaturated, consisting of carbon atoms and one or more heteroatoms selected from 
N, O and S; and wherein the nitrogen and sulfur heteroatoms in (i) or (ii) are 
optionally oxidized, and the nitrogen heteroatom is optionally quatemized. The 
heterocyclic ring may be attached at any heteroatom or carbon atom, provided that 
attachment results in the creation of a stable structure. Representative examples of 

10 heterocyclic groups include azetidinyl, piperidinyl, piperazinyl, azepinyl, pyrrolyl, 
indazolyl, pyrrolidinyl, pyrazolyl, pyrazolidinyl, imidazolyl, imidazolidinyl, 
imidazolinyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, oxazolyl, oxazolidinyl, 
triazolyl, isoxazolyl, isoxazolidinyl, morpholinyl, thiazolyl, thiadiazolyl, thiazolidinyl, 
isothiazolyl, quinoxazolinyl, isothiazolidinyl, methylenedioxyphenyl, quinolinyl, 

15 isoquinolinyl, benzimidazolyl, thiadazolyl, benzopyranyl, benzothiazolyl, 

benzoazolyl, furyl, tetrahydrofuryl, benzofuranyl, benzothiofuranyl, azabenzofuranyl, 
benzothiazolyl, azabenzothiazolyl, azabenzoxazolyl, tetrahydropuranyl, thiophenyl 
(alternatively referred to herein as "thienyr')> thienothiophenyl, benzothiophenyl, and 
oxadiazolyl. 

20 The term "substituted heterocyclic" (alternatively "substituted 

heterocycle") refers to a heterocyclic group as defined above having one or more 
substituents independently selected from cyano, halo, hydroxy, amino, C1-C4 
alkylamino, di-(Ci-C4 alkyl)amino, C3-C6 azacycloalkyl, C1-C6 alkyl, C2-C6 
alkenyl, C2-C6 alkynyl, Ci-Cg alkoxy, fluorinated C1-C6 alkyl, fluorinated C1-C6 

25 alkoxy, aryl (e.g., phenyl), and the like. 

The term "heteroaryl" refers to a.heterocyclic group as defined above, 
wherein the monocyclic ring (i) is an aromatic ring and in the bicyclic ring system (ii) 
at least one ring is an aromatic ring. In one aspect, heteroaryl refers to (i) a 5- or 6- 
membered aromatic ring consisting of carbon atoms and from 1 to 3 heteroatoms 

30 selected from N, S, and O or (ii) an 8- to 10-membered bicyclic ring system consisting 
of carbon atoms and from 1 to 3 heteroatoms selected from N, S, and O, wherein at 
least one of the rings in the bicyclic system is an aromatic ring. 

The term "substituted heteroaryl" refers to a heteroaryl group as 
defined above having one or more substituents independently selected from cyano, 

35 halo, hydroxy, amino, C1-C4 alkylamino, (di-(Ci-C4 alkyl)amino, C3-C6 
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azacycloalkyl, C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C1-C6 alkoxy, fluorinated 
C1-C6 alkyl, fluorinated C1-C6 alkoxy, aryl (e.g., phenyl), substituted aryl, 
heterocycle, and substituted heterocycle. 

The term "substituted" includes mono- and poly-substitution by a 
5 named substituent to the extent such single and multiple substitution is chemically 
allowed and results in a chemically stable compound. 

The symbol " " in front of an open bond in the structural formula 
of a group marks the point of attachment of the group to the rest of the molecule. 

When any variable or term occurs more than one time in any 
10 constituent or fonnulas set forth herein (e.g.. Formula (I)), its definition on each 
occurrence is independent of its definition at every other occurrence. Thus, for 
example, if R2 and R3 in Formula (I) are both designated as "C1-C4 alkyl", R2 and 

R3 can represent the same or different alkyl groups embraced by the term. As another 
example, in an embodiment of Formula (I) in which Rl and R4 are both heteroaryl. 

15 Rl and R4 can be the same or different heteroaryl groups. 

Combinations of substituents and/or variables are permitted only to the 
extent such combinations result in stable compounds. 

The present invention includes pharmaceutical compositions useful for 
inhibiting HIV protease, comprising an effective amount of a compound of this 

20 invention, and a pharmaceutically acceptable carrier. Pharmaceutical compositions 
useful for preventing or treating infection by HTV, or for treating AIDS or ARC, are 
also encompassed by the present invention, as well as a method of inhibiting HIV 
protease, and a method of preventing or treating infection by HTV, or of treating AIDS 
or ARC. An aspect of the present invention is a pharmaceutical composition 

25 comprising a therapeutically effective amount of a compound of the present invention 
in combination with a therapeutically effective amount of an agent useful for treating 
mv infection and/or AIDS (alternatively referred to as an HTV/AIDS treatment agent) 
selected from: 

(1) an fflV/AEDS antiviral agent, 
30 (2) an anti-infective agent, and 

(3) an immunomodulatory 

The present invention also includes the use of a compound of the 
present invention as described above as a medicament for (a) inhibiting HIV protease, 
(b) preventing or treating infection by mv, or (c) treating AIDS or ARC. The present 
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invention further includes the use of a compound of the present invention as described 
above in the preparation of a medicament for (a) inhibiting HIV protease, (b) 
preventing or treating infection by HIV, or (c) treating ADDS or ARC. 

The present invention also includes the use of any of the HIV protease 
5 inhibiting compounds of the present invention as described above in combination with 
one or more HIV/ AIDS treatment agents selected from an HIV/ ADDS antiviral agent, 
an anti-infective agent, and an inmiunomoduiator for use as a medicament for (a) 
inhibiting HIV protease, (b) preventing or treating infection by HIV, or (c) treating 
AIDS or ARC, said medicament comprising an effective amount of the HIV protease 

10 inhibitor compound and an effective amount of the one or more treatment agents. 

The present invention further includes the use of any of the HIV 
protease inhibiting compounds of the present invention as described above in 
combination with one or more HTV/AIDS treatment agents selected from an 
HTV/AIDS antiviral agent, an anti -infective agent, and an inmiunomoduiator for the 

15 manufacture of a medicament for (a) inhibiting HIV protease, (b) preventing or 

treating infection by HIV, or (c) treating AIDS or ARC, said medicament comprising 
an effective amount of the HTV protease inhibitor compound and an effective amount 
of the one or more treatment agents. 

The compounds of the present invention may have asymmetric centers 

20 and may occur, except when specifically noted, as mixtures of stereoisomers or as 
individual diastereomers, or enantiomers, with all isomeric forms being included in 
the present invention. 

A therapeutically effective amount of the compounds of the present 
invention are useful in the inhibition of HTV protease, the prevention or treatment of 

25 infection by human immunodeficiency virus (HTV) and the treatment of consequent 
pathological conditions such as ADDS. Treating ADDS or preventing or treating 
infection by HTV is defined as including, but not limited to, treating a wide range of 
states of HIV infection: AIDS, ARC (ADDS related complex), both symptomatic and 
asymptomatic, and actual or potential exposure to HTV. For example, the compounds 

30 of this invention are useful in treating infection by HTV after suspected past exposure 
to HIV by e.g., blood transfusion, exchange of body fluids, bites, accidental needle 
stick, or exposure to patient blood during surgery. The compounds of the invention 
can also be used in "salvage" therapy; i.e., the compounds can be used to treat HIV 
infection, ADDS, or ARC in HIV-positive subjects whose viral load achieved 

35 undetectable levels via conventional therapies employing known protease inhibitors, 
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and then rebounded due to the emergence of HTV mutants resistant to the known 
inhibitors. 

The compounds of this invention are useful in the preparation and 
execution of screening assays for antiviraJ compounds. For example, the 
5 compounds of this invention are useful for isolating enzyme mutants, which are 
excellent screening tools for more powerful antiviral compounds. Furthermore, 
the compounds of this invention are useful in establishing or determining the 
binding site of other antivirals to HIV protease, e.g., by competitive inhibition. 
Thus the compounds of this invention are commercial products to be sold for 

10 these purposes. 

The present invention also provides for the use of a compound of 
structural formula (I) to make a pharmaceutical composition useful for inhibiting HIV 
protease and in the treatment of ADDS or ARC. 

The compounds of the present invention may be administered in the 

15 form of pharmaceutical ly acceptable salts. The term "pharmaceutically acceptable 
salt" refers to all acceptable salts of the compounds of Formula (I) (in the form of 
water- or oil-soluble or dispersible products) and includes the conventional non-toxic 
salts or the quaternary ammonium salts which are formed, e.g., from inorganic or 
organic acids or bases. Examples of acid addition salts include acetate, lactobionate, 

20 benzenesulfonate, laurate, benzoate, malate, bicarbonate, maleate, bisulfate, 
mandelate, bitartrate, mesylate, borate, methylbromide, bromide, methylnitrate, 
calcium edetate, methylsulfate, camsylate, mucate, carbonate, napsylate, chloride, 
nitrate, clavulanate, N-methylglucamine, citrate, ammonium salt, dihydrochloride, 
olcate, edetate, oxalate, edisylate, pamoate (embonate), estolate, palmitate, esylate, 

25 pantothenate, fumarate, phosphate/diphosphate, gluceptate, polygalacturonate, 

gluconate, salicylate, glutamate, stearate, glycollylarsanilate, sulfate, hexylresorcinate, 
subacetate, hydrabamine, succinate, hydrobromide, tannate, hydrochloride, tartrate, 
hydroxynaphthoate, teoclate, iodide, tosylate, isothionate, triethiodide, lactate, 
panoate, valerate, and the like. Base salts include ammonium salts, alkali metal salts 

30 such as sodium and potassium salts, alkaline earth metal salts such as calcium and 
magnesium salts, salts with organic bases such as ethylenediamine, N-methyl- 
glutamine, N,N -dibenzylethylene-diamine, chloroprocaine, diethanolamine, procaine, 
choline, N-benzylphenethyl-amine, diethylamine, piperazine, 
tris(hydroxymethyl)aminomethane, tetramethylammonium hydroxide, and 

35 dicyclohexylamine, and salts with amino acids such as arginine, lysine, ornithine, and 
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SO forth. Also, the basic nitrogen-containing groups may be quatemized with such 
agents as lower alkyl halides, such as methyl, ethyl, propyl, and butyl chlorides, 
bromides, and iodides; dialkyl sulfates such as dimethyl, diethyl, dipropyl, dibutyl, 
and diamyl sulfates; long chain halides such as decyl, lauryl, myristyl and stearyl 
5 chlorides, bromides, and iodides; and aralkyl halides such as benzyl and phenethyl 
bromides and others. The salt can be used as a dosage form for modifying the 
solubility or hydrolysis characteristics of the compound or can be used in sustained 
release or pro-drug formulations. 

Also, pharmaceutically acceptable esters can be employed, e.g. acetate, 

10 maleate, pivaloyloxymethyl, and the like, and those esters known in the art for 
modifying solubility or hydrolysis characteristics for use as sustained release or 
prodrug formulations. 

For these purposes, the compounds of the present invention may be 
administered orally, parenterally (including subcutaneous injections, intravenous, 

15 intramuscular, intrastemal injection or infusion techniques), by inhalation spray, or 
rectally, in dosage unit formulations containing conventional non-toxic 
pharmaceutically-acceptable carriers, adjuvants and vehicles. 

The term "administration" and variants thereof (e.g., "administering" a 
compound) in reference to a compound of the invention each mean providing the 

20 compound or a prodrug of the compound to the individual in need of treatment. 
When a compound of the invention or prodrug thereof is provided in combination 
with one or more other active agents (e.g., AIDS antivirals), "administration" and its 
variants are each understood to include concurrent and sequential provision of the 
compound or prodrug thereof and other agents. 

25 Thus, in accordance with the present invention there is further 

provided a method of treating and a pharmaceutical composition for treating HIV 
infection and AIDS. The treatment involves administering to a subject in need of 
such treatment a pharmaceutical composition comprising a pharmaceutical carrier and 
a therapeutically effective amount of a compound of the present invention. 

30 As used herein, the term "composition" is intended to encompass a 

product comprising the specified ingredients in the specified amounts, as well as any 
product which results, direcdy or indirectly, from combination of the specified 
ingredients in the specified amounts. 
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The expression "pharmaceutically acceptable" means that the carrier, 
diluent or excipient must be compatible with the other ingredients of the formulation 
and not deleterious to the recipient thereof. 

The term "subject," (alternatively referred to herein as "patient") as 
5 used herein refers to an animal, preferably a mammal, most preferably a human, who 
has been the object of treatment, observation or experiment. 

The term "therapeutically effective amount" as used herein means 
that amount of active compound or pharmaceutical agent that elicits the biological 
or medicinal response in a tissue, system, animal or human that is being sought by 
10 a researcher, veterinarian, medical doctor or other clinician, which includes 
alleviation of the symptoms of the disease being treated. 

These pharmaceutical compositions may be in the form of orally- 
administrabie suspensions or tablets, nasal sprays, sterile injectible preparations, for 
example, as sterile injectible aqueous or oleagenous suspensions or suppositories. 
15 When administered orally as a suspension, these compositions are 

prepared according to techniques well-known in the art of pharmaceutical formulation 
and may contain microcrystalline cellulose for imparting bulk, alginic acid or sodium 
alginate as a suspending agent, methylcellulose as a viscosity enhancer, and 
sweeteners/flavoring agents known in the art. As immediate release tablets, these 
20 compositions may contain microcrystalline cellulose, dicalcium phosphate, starch, 
magnesium stearate and lactose and/or other excipients, binders, extenders, 
disintegrants, diluents and lubricants known in the art. 

When administered by nasal aerosol or inhalation, these compositions 
are prepared according to techniques well-known in the art of pharmaceutical 
25 formulation and may be prepared as solutions in saline, employing benzyl alcohol or 
other suitable preservatives, absorption promoters to enhance bioavailability, 
fluorocarbons, and/or other solubilizing or dispersing agents known in the art. 

The injectible solutions or suspensions may be formulated according to 
known art, using suitable non-toxic, parenteral ly-acceptable diluents or solvents, such 
30 as mannitol, 1,3-butanediol, water. Ringer's solution or isotonic sodium chloride 
solution, or suitable dispersing or wetting and suspending agents, such as sterile, 
bland, fixed oils, including synthetic mono- or diglycerides, and fatty acids, including 
oleic acid. 

When rectally administered in the form of suppositories, these 
35 compositions may be prepared by mixing the drug with a suitable non-irritating 
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excipient, such as cocoa butter, synthetic glyceride esters of polyethylene glycols, 
which are solid at ordinary temperatures, but liquefy and/or dissolve in the rectal 
cavity to release the drug. 



5 in a dosage range of 0.01 to 1000 mg/kg body weight in divided doses. One preferred 
dosage range is 0.1 to 200 mg/kg body weight orally in divided doses. Another 
preferred dosage range is 0.5 to 100 mg/kg body weight orally in divided doses. For 
oral administration, the compositions are preferably provided in the form of tablets 
containing 1 to 1000 milligrams of the active ingredient, particularly 1, 5, 10, 15. 20, 

10 25. 50, 75, 100, 150, 200, 250, 300, 400, 500, 600, 750, 800, 900, and 1000 

milligrams of the active ingredient for the symptomatic adjustment of the dosage to. 
the patient to be treated. It will be understood, however, that the specific dose level 
and frequency of dosage for any particular patient may be varied and will depend 
upon a variety of factors including the activity of the specific compound employed, 

15 the metabolic stability and length of action of that compound, the age, body weight, 
general health, sex, diet, mode and time of administration, rate of excretion, drug 
combination, the severity of the particular condition, and the host undergoing therapy. 



protease inhibitor compounds with one or more agents useful in the treatment of HTV 
20 infection and/or AIDS. For example, the compounds of this invention may be 

effectively administered, whether at periods of pre-exposurc and/or post-exposure, in 
combination with effective amounts of the HIV/AIDS anttvirals, imunomodulators, 
antiinfectives, or vaccines, such as those in Table 1 as follows: 



The compounds of this invention can be administered orally to humans 



The present invention is also directed to combinations of the HIV 



25 



TABLE 1 - fflV/AIDS ANTIVIRALS, MUNOMODULATORS, 
ANTIINFECTIVES, AND OTHER TREATMENTS 



ANTIVIRALS 



Drug Name 
Amprenavir 



Manufacturer 



Indication 



141 W94 



Glaxo Wellcome 



HIV infection, AIDS, 
ARC 



GW 141 



(protease inhibitor) 
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Abacavir 
GW 1592 
1592U89 

Acemannan 



Acyclovir 

AD-439 
AD-519 

Adefovir dipivoxil 
AL-721 

Alpha Interferon 

Ansamycin 
LM427 



Antibody which 
neutralizes pH 
labile alpha aberrant 
Interferon 
AR177 

beta-fluoro-ddA 

BMS-232623 

(CGP-73547) 

BMS-234475 
(CGP-61755) 

CI-1012 



Glaxo Welcome 



Carrington Labs 
(Irving, TX) 

Burroughs Wellcome 

Tanox Biosystems 
Tanox Biosystems 
Gilead Sciences 
Ethigen 

(Los Angeles, CA) 
Glaxo Wellcome 

Adri a Laboratories 
(Dublin, OH) 
Erbamont 
(Stamford, CT) 
Advanced Biotherapy 
Concepts 
(Rockville, MD) 

Aronex Pharm 
Natl Cancer Institute 
Bristol-Myers Squibb/ 
Novartis 

Bristol-Myers Squibb/ 
Novartis 

Warner-Lambert 



HIV infection, AIDS, 
ARC 

(reverse transcriptase 

inhibitor) 

ARC 



mv infection, AIDS, ARC, 

in combination with AZT 

HIV infection, AIDS, ARC 

mv infection, AIDS, ARC 

HIV infection 

ARC, PGL, mv positive, 

AIDS 

Kaposi's sarcoma, fflV, in 
combination w/Retrovir 
ARC 



AIDS, ARC 



mv infection, AIDS, ARC 
AIDS-associated diseases 
mv infection, AIDS, 
ARC 

(protease inhibitor) 
mv infection, AIDS, 
ARC 

(protease inhibitor) 
mV-1 infection 
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Cidofovir Gilead Science 

Curdlan sulfate AJI Pharma USA 
Cytomegalovirus immune Medlmmune 

globin 

Cytovene Syntex 
Ganciclovir 

Del aviri dine Pharmaci a-Upjohn 



Dextran Sulfate 
ddC 

Dideoxycytidine 
ddl 

Dideoxyinosine 
DMP-450 

ELIO 

Efavirenz 

(DMP 266) 

(.) 6-Chloro-4(S)- 

cyclopropylethynyl- 

4(S)-trifluoro-methyl- 

l,4-dihydro-2H-3,l- 

benzoxazin-2-one. 

Famciclovir 



Ueno Fine Chem. 
Ind. Ltd. (Osaka, Japan) 
Hoffman-La Roche 

Bristol-Myers Squibb 



AVID 

(Camden, NJ) 

Elan Corp, PLC 
(Gainesville, GA) 
DuPont (SUSTIVA®), 
Merck (STOCRIN®) 



Smith 



CMV retinitis, herpes, 
papillomavirus 
HIV infection 
CMV retinitis 

sight threatening CMV 
peripheral CMV 
retinitis 

HIV infection, AIDS, 
ARC 

(proteiase inhibitor) 
AIDS, ARC, HIV 
positive asymptomatic 
HIV infection, AIDS, ARC 

HIV infection. AIDS, ARC; 
combination with AZT/d4T 

HTV infection, AIDS, 
ARC 

(protease inhibitor) 
HTV infection 

HIV infection, AIDS. 
ARC 

(non-nucleoside RT 
inhibitor) 



Kline herpes zoster, herpes 

simplex 
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FTC 


Emory University 


mV infection. AIDS, ARC 






(reverse transcriptase 






inhibitor) 


GS 840 


Gilead 


mV infection, AIDS, ARC 






(reverse transcriptase 






inhibitor) 


HBY097 


Hoechst Marion Roussel 


HIV infection, AIDS, ARC 






(non-nucleoside reverse 






transcriptase inhibitor) 


Hypericin 


VlMRx Pharm. 


HIV infection, AIDS, ARC 


Recombinant Human 


Triton Biosciences 


AIDS, Kaposi's sarcoma, 


Interferon Beta 


(Almeda, CA) 


ARC 


Interferon alfa-n3 


Interferon Sciences 


ARC, AIDS 


Indinavir 


Merck 


HIV infection, AIDS, ARC, 






asymptomatic HTV positive, 






also in combination with 






AZT/ddl/ddC 


Compound A 


Merck 


HTV infection, AIDS, 






ARC, asymptomatic HTV 






positive 


ISIS 2922 


ISIS Pharmaceuticals 


CMV retinitis 


KNI-272 


Natl Cancer Institute 


HIV-assoc. diseases 


Lamivudine, 3TC 


Glaxo Wellcome 


HIV infection, AIDS, 






ARC (reverse 






transcriptase inhibitor); 






also with AZT 


Lobucavir 


Bristol-Myers Squibb 


CMV infection 


Nelfinavir 


Agouron 


HIV infection, AIDS, 




X ndi iiidceuucais 


ARC (protease inhibitor) 


Nevirapine 


Boeheringer 


HIV infection, AIDS, 




Ingleheim 


ARC (protease inhibitor) 


Novapren 


Novaferon Labs, Inc. 


HIV inhibitor 




(Akron, OH) 
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Peptide T 

Octapeptide 

Sequence 

Trisodium 

Phosphonoformate 

PNU-140690 

Probucol 
RBC-CD4 

Ritonavir 

(ABT-538) 

Saquinavir 

Stavudine; d4T 
Didehydrodeoxy- 
thymidine 
Valaciclovir 

Virazole 
Ribavirin 
VX-478 
Zalcitabine 

Zidovudine; AZT 



Peninsula Labs 
(Belmont. CA) 

Astra Pharm. 
Products, Inc 

Pharmacia Upjohn 

Vyrex 

Sheffield Med. Tech 
(Houston TX) 
Abbott 

Hoffmann-LaRoche 
Bristol-Myers Squibb 

Glaxo Wellcome 

Viratek/ICN 
(Costa Mesa, CA) 
Vertex 

HofTmann-La Roche 
Glaxo Wellcome 



ABT-378; Lopinavir Abbott 



AE)S 



CMV retinitis, HIV infection, 

other CMV 

infections 

HIV infection, AIDS, ARC 
(protease inhibitor) 
HIV infection, ADDS 
fflV infection, AIDS, 
ARC 

HTV infection, AIDS, 
ARC (protease inhibitor) 
HIV infection, AIDS. 
ARC (protease inhibitor) 
HIV infection, AIDS, ARC 

genital HSV&CMV 
infections 
asymptomatic HIV 
positive, LAS, ARC 
HTV infection, AIDS. ARC 
HTV infection, AIDS, ARC, 
with AZT 

HTV infection, AIDS, ARC. 
Kaposi's sarcoma in 
combination with other 
therapies (reverse 
transcriptase inhibitor) 
HIV infection, AIDS, ARC 
(protease inhibitor) 
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ABT-378/r; Combination Abbott 
of lopinavir and ritonavir; 
Kaletra . 

JE2147/AG1776 Agouron 



T-20 
T-1249 
BMS 232632 
PRO 542 
PRO 140 
TAK-779 

DPC 681&DPC 684 
DPC 961 & DPC 083 



Drug Name 
AS-101 
Bropirimine 
Acemannan 

CL246,738 



Trimeris 



Trimeris 



Bri stol-Myers-Squibb 
Progenies 
Progenies 
Takeda 

DuPont 
DuPont 



fflV infection, AIDS, ARC 
(protease inhibitor) 

HIV infection, AIDS, ARC 

(protease inhibitor) 

mv infection, AIDS, ARC 

(fusion inhibitor) 

mv infection, AIDS, ARC 

(fusion inhibitor) 

mv infection, AIDS, ARC 

(protease inhibitor) 

mv infection, AIDS, ARC 

(attachment inhibitor) 

mv infection, AIDS, ARC 

(CCR5 co-receptor inhibitor) 

mv infection, AIDS, ARC 

(injectable CCR5 receptor 

antagonist) 

mv infection, AIDS, ARC 
(protease inhibitors) 
mv infection AIDS , ARC 
(nonnucleoside reverse 
transcriptase inhibitors) 



IMMUNO-MODIJLATORS 



Manufacturer 
Wyeth-Ayerst 
Pharmacia Upjohn 
Carrington Labs, Inc. 
(Irving, TX) 
American Cyanamid 
Lederle Labs 



Indication 
ADDS 

advanced AIDS 
AIDS, ARC 

ADDS, Kaposi's sarcoma 
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ELIO 
FP-21399 
Gamma Interferon 



Elan Corp, PLC 
(Gainesville, GA) 
Fuki ImmunoPharm 

Genentech 



HIV infection 

blocks HTV fusion with 
CD4+ cells 

ARC, in combination w/TNF 
(tumor necrosis factor) 



Granulocyte 

Macrophage Colony 

Stimulating 

Factor 

Granulocyte 

Macrophage Colony 

Stimulating 

Factor 

Granulocyte 

Macrophage Colony 

Stimulating Factor 

HIV Core Particle 

Immunostimulant 

IL.2 

Interleukin-2 
IL-2 

InterIeukin-2 
IL-2 

Interleukin-2 

(aldeslukin) 

Immune Globulin 

Intravenous 

(human) 

IMREG-1 

IMREG-2 



Genetics Institute 
Sandoz 



Hoeschst-Roussel 
Immunex 



Schering-Plough 



AIDS 



Rorer 



Cetus 



Hoffman-La Roche 

Immunex 

Chiron 



Cutter Biological 
(Berkeley, CA) 

Imreg 

(New Orleans, LA) 
Imreg 

(New Orleans, LA) 



AIDS 



AIDS, combination w/AZT 



seropositive HIV 

AIDS, in combination 
w/AZT 

AIDS. ARC, HIV, in 
combination w/AZT 
AIDS, increase in CD4 cell 
counts 

pediatric AIDS, in 
combination w/AZT 

AIDS, Kaposi's 
sarcoma, ARC, PGL 
AIDS, Kaposi's sarcoma, 
ARC, PGL 
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Imuthiol Diethyl 
Dithio Carbamate 
Alpha-2 
Interferon 
Methionine- 
Enkephalin 
MTP-PE 

Muramyl-Tripeptide 

Granulocyte 

Colony Stimulating 

Factor 

Remune 

rCD4 

Recombinant 

Soluble Human CD4 

rCD4-IgG 

hybrids 

Recombinant 

Soluble Human CD4 

Interferon 

Alfa 2a 

SK&F106528 

Soluble T4 

Thymopentin 

Tumor Necrosis 
Factor; TNF 
etanercept 

infliximab 



Merieux Institute 

Schering Plough 

TNI Pharmaceutical 
(Chicago, IL) 
Ciba-Geigy Corp. 

Amgen 

Immune Response Corp. 
Genentech 



AIDS, ARC 

Kaposi's sarcoma w/AZT, 
AIDS 

AIDS, ARC 

Kaposi's sarcoma 

AIDS, in combination 
w/AZT 

immunotherapeutic 
AIDS, ARC 



AIDS, ARC 

Biogen AIDS, ARC 



Hoffman-La Roche 

Smith Kline 

Immunobiology 
Research Institute 
Genentech 

Immunex Corp 
(Enbrel®) 

Centocor (Remicade®) 
ANTI-INFECnVES 



Kaposi's sarcoma, AIDS, 
ARC, in combination w/AZT 
HIV infection 



HTV infection 

ARC, in combination 
w/gamma Interferon 
rheumatoid arthribs 

rheumatoid arthritis and 
Crohn's disease 
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Drug Name 
Clindamycin with 
Primaquine 
Fluconazole 

Pastille 

Nystatin Pastille 

Omidyl 

Eflomithine 



Manufacturer 
Pharmacia Upjohn 

Pfizer 

Squibb Corp. 
Merrell Dow 



Indication 
PCP 

cryptococcal meningitis, 
candidiasis 

prevention of oral candidiasis 
PCP 



Pentamidine 

Isethionate (BVl & IV) 

Trimethoprim 

Trimethoprim/sulfa 

Piritrexim 

Pentamidine 

isethionate for 

inhalation 

Spiramycin 



LyphoMed 
(Rosemont, DL) 

Burroughs Wellcome 
Fisons Corporation 

Rhone-Poulenc 



PCP treatment 

antibacterial 
antibacterial 
PCP treatment 
PCP prophylaxis 

Cryptosporidia diarrhea 



Intraconazole- 

R512n 

Trimetrexate 



Janssen Pharm. 



Warner-Lambert 



histoplasmosis; cryptococcal 

meningitis 

PCP 



OTHER 



Drug Name 
Daunorubicin 
Recombinant Human 
Erythropoietin 
Recombinant Human 
Growth Hormone 
Leukotriene B4 Receptor 
Antagonist 



Manufacturer 
NeXstar, Sequus 
Ortho Pharm. Corp. 

Serono 



Indication 

Karposi*s sarcoma 

severe anemia assoc. with 

AZT therapy 

AIDS -related wasting, 

cachexia 

HIV infection 
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Megestro] Acetate 

Soluble CD4 Protein and 

Derivatives 

Testosterone 

Total Enteral 

Nutrition 



Bristol-Myers Squibb 



Alza, Smith Kline 
Norwich Eaton 
Pharmaceuticals 



treatment of anorexia assoc. 

w/AIDS 

HTV infection 

AIDS-related wasting 
diarrhea and malabsorption, 
related to AE)S 



It will be understood that the scope of combinations of the compounds 
of this invention with HTV/AIDS antivirals, inmiunomodulators, anti-infectives or 
vaccines is not limited to the list in Table 1 above, but includes in principle any 
5 combination with any pharmaceutical composition useful for the treatment of HTV 
infection and/or AIDS. 

One suitable combination is a compound of the present invention and a 
nucleoside inhibitor of HIV reverse transcriptase such as ACT, 3TC, ddC, or ddl. 
Another suitable combination is a compound of the present invention and a non- 
10 nucleoside inhibitor of HIV reverse transcriptase, such as efavirenz, and optionally a 
nucleoside inhibitor of HIV reverse transcriptase, such as AZT, 3TC, ddC or ddl. 

Still another suitable combination is any one of the combinations in the 
preceding paragraph, further comprising an additional HTV protease inhibitor such as 
indinavir, Compound A, nelfinavir, ritonavir, saquinavir, amprenavir, or abacavir. An 
15 aspect of this combination is the combination wherein the additional inhibitor of HTV 
protease is the sulfate salt of indinavir. Another aspect of this combination is the 
combination in which the additional protease inhibitor is selected from nelfinavir and 
ritonavir. Still another aspect of this combination is the combination in which the 
additional inhibitor of HIV protease is saquinavir, which is typically administered in a 
20 dosage of 600 or 1 200 mg tid. 

Other suitable combinations include a compound of the present 
invention with the following (1) efavirenz, optionally with AZT and/or 3TC and/or 
ddl and/or ddC, and optionally with indinavir; (2) any of AZT and/or ddl and/or ddC 
and/or 3TC, and optionally with indinavir; (3) d4T and 3TC and/or AZT; (4) AZT and 
25 3TC; and (5) AZT and d4T. 
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Another aspect of the present invention is co-administration of a 
compound of the present invention with an inhibitor of cytochrome P450 
monooxygenase in an amount effective to improve the pharmacokinetics of the 
compound. Compounds of the invention can be metabolized, at least in part, by 
5 cytochrome P450 (CYP3A4). Co-administration of compounds of the invention with 
a cytcochrome P450 inhibitor can improve the pharmacokinetic profile of the 
compound in subjects (e.g., humans); i.e., co-administration can increase Cmax (the 

maximum plasma concentration of the compound), AUC (area under the curve of 
plasma concentration of the compound versus time), and/or the half-life of the 

10 compound. Suitable P450 inhibitors include, but are not limited to, indinavir and 

ritonavir. It is to be understood that the primary role of indinavir and ritonavir in this 
circumstance is as a pharmacokinetic modulator and not as a protease inhibitor; i.e., 
an amount of indinavir or ritonavir which is effective for improving the 
pharmacokinetics of the compound can provide a secondary or even negligible 

15 contribution to the antiviral effect. Improvements in the pharmacokinetic profile have 
been observed for compounds of the present invention, when co-dosed with P450- 
inhibiting amounts of either ritonavir or indinavir. 

A compound of the present invention can also be administered in 
combination with an HIV integrase inhibitor such as a compound described in 

20 WO 99/62520, WO 99/62513, or WO 99/62897. A compound of the present 

invention can also be administered in combination with a CCR5 receptor antagonist, 
such as a compound described in WOOO/59502 or WO 00/59503. 

In the above-described combinations, the compound of the present 
invention and other active agents may be administered together or separately. In 

25 addition, the administration of one agent may be prior to, concurrent with, or 

subsequent to the administration of other agent(s). These combinations may have 
unexpected or synergistic effects on limiting the spread and degree of infection of 
HIV. 

Efavirenz is (-)-6-chloro-4-cyclopropylethynyl-4-trifluoromethyl-l,4- 
30 dihydro-2H-3,i-benzoxazin-2-one, also known as DMP-266 or SUSTP/A® (DuPont) 
or STOCRIN® (Merck), Efavirenz and its utility as an HIV reverse transcriptase 
inhibitor is described in US 5519021 and in the corresponding PCT published 
application, WO 95/20389. Efavirenz can be synthesized by the protocol of 
US 5633405. Additionally, the asymmetric synthesis of an enantiomeric 
35 benzoxazinone by a highly enantioselective acetylide addition and cyclization 
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sequence is described in Thompson et al.. Tetrahedron Letters 1995, 36: 8937-40, as 
well as in the PCT publication, WO 96/37457. 

AZT is 3'-azido-3'-deoxythynudine, is also known as zidovudine, and 
is available from Burroughs-Wellcome under the tradename RETROVIR®. 
5 Stavudine is 2',3'-didehydro-3'-deoxythymidine, is also known as 2',3'-dihydro-3'- 
deoxythymidine and d4T, and is available from Bristol-Myers Squibb under the 
tradename ZERIT®. 3TC is (2R-cis)-4-amino-l-[2-(hydroxymethyI>l,3-oxathiolan- 
5-yl]-2(lH>pyrimidinone, is also known as (-)-l-[(2R,5S)-2-(hydroxymethyl>l,3- 
oxathiolan-5-yl]cytosine and lamivudine, and is available from Glaxo Wellcome 

10 under the tradename EPIVIR®. ddC is 2\3'-dideoxycytidine, is also known as 

zaicitabine, and is available from Hoffman LaRoche under the tradename HIVE)®, 
ddl is 2',3'-dideoxyinosine, is also known as didanosine, and is available from Bristol- 
Myers-Squibb under the tradename VIDEX®. The preparation of ddC, ddl and AZT 
are also described in EPO 0,484,071, 

15 Indinavir is N-(2(R)-hydroxy-l(S)-indanyl)-2(R)-phenylmethyl-4-(S)- 

hydroxy-5-(l-(4-(3-pyridyl-methyl)-2(S)-N-(t-butylcarboxamido)-piperazinyl))- 
pentaneamide, and can be prepared as described in US 5413999. Indinavir is 
generally administered as the sulfate salt at a dosage of 800 mg three times a day. 
Indinavir sulfate is available from Merck under the tradename CRIXIVAN®. 

20 Compound A is N-(2(R>hydroxy-l(S)-indanyl)-2(R)-phenylmethyl- 

4(S)-hydroxy-5-(l-(4-(2-benzo[b]furanyImethyl)-2(S)-N'-(t-butylcarboxamido)- 
piperazinyl))pentaneamide, preferably administered as the sulfate salt. Compound A 
can be prepared as described in US 5646148. 

Ritonavir is [5S-(5R*,8R*,10R*, llR*)]-10-hydroxy-2-methyl-5-(l- 

25 methylethyl)-l-[2-(l-methylethyl)-4-thiazolyl]-3,6-dioxo-8,ll-bis(phenylmethyl)-2,4, 
7, 12-tetraazatridecan-13-oic acid 5-thiazolylmethyl ester, also known as 5- 
thiazolylmethyl [(aS)-a-[(lS,3S)-l-hydroxy-3-[(2S)-2-[3-[(2-isopropyl-4- 
thiazolyl)methyl]-3-methylureido]-3-methylbutyramido]-4- 
phenylbutyl]phenethyl]carbamate. It is available from Abbott under the tradename 

30 NORVIR®. Ritonavir can be prepared as described in US 5484801. 

Nelfinavir is [3S-[2(2S*,3S*),3a,4ab.8ab]]-N-(l,l- 
dimethylethyl)decahydro-2-[2-hydroxy-3-[(3-hydroxy-2-methylbenzoyl)amino]-4- 
(phenyhhio)butyl]-3-isoquinolinecarboxamide, also known as (3S,4aS,8aS)-N-tert- 
Butyl-2-[(2R,3R)-3-(3.2-crestoamido)-2-hydroxy-4-(phenylthio)butyl]decahydro-3- 

35 isoquinolinecarboxamide. VIRACEPT®, the monomethanesulfonate salt of 
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nelfinavir (nelfinavir mesylate) is commerically available from Agouron. Nelfinavir 
can be prepared as described in US 5484926. 

Saquinavir is N-tert-butyl-decahydro-2-[2(R)-hydroxy-4-phenyl- 
3(S)-[[N-(2-quinolylcarbonyl)-L-asparaginyl]amino]butyl]-(4aS,8aS)- 
5 isoquinoline-3(S)-carboxamide. Saquinavir can be prepared in accordance with 
procedures disclosed in US 5196438.. INVIRASE® (saquinavir mesylate) is 
available from Roche Laboratories. 

Amprenavir is 4-amino-N-((2 syn,3S)-2-hydroxy-4-phenyl-3-((S)- 
tetrahydrofuran-3-yloxycarbonylamino)-butyl)-N-isobutyl-ben2enesulfonamide, 
10 also known as Compound 168 and 141 W94. Amprenavir is an aspartyl protease 
inhibitor that can be prepared by following the procedures described in 
US 5585397. Amprenavir is available under the tradename AGENERASE® from 
Glaxo Wellcome. Amprenavir can be prepared as described in US 5783701. 

Abacavir is (lS,4R)-cis-4-[2-amino-6-(cyclopropylamino)-9H- 
15 purin-9-'yl]-2-cyclopentene-l-methanol, also known as 1592U89. Abacavir can be 
prepared by following the protocol of EP 0434450. 

Abbreviations used in the instant specification, particularly the 
Schemes and Examples, are as follows: 

20 Alloc = allyloxycarbonyl 

AcOH = acetic acid 
BOC or Boc = t-butyloxycarbonyl 

BOC-ON = 2-(tert-butoxycarbonylamino)-2-phenyl acetonitrile 
Bu = butyl 

25 CBZ = carbobenzoxy (alternatively, benzyloxycarbonyl) 

CSA = camphorsulfonic acid 

DCE = dichloroethane 

DCM = dichloromethane 

DMF = dimethylformamide 
30 DMSO = dimethylsulfoxide 

DIEA = diisopropylethylamine 

EDC = l-ethyl-3-(3-dimethylaminopropyl) carbodiimide 
ES = electron spray (ionization) 
Et = ethyl 
35 Et20 = diethyl ether 
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EtOAc = ethyl acetate 
EtOH = elhanol 

HBTU = l-hydro\ybenzotriazole 

HOAT= l-hydroxy-7-azabensotriazoIe 
5 HOBT = 1 -hydroxy benzotriazole hydrate 

HPLC = high performance liquid chromatography 

IPA = isopropyl alcohol 

KF = Karl Fisher titration for water 

LC = liquid chromatography 
10 Me = methyl 

MeOH = methanol 

MS = mass spectrometry 

NMP = N-methyl pyrrolidinone 

NMR = nuclear magnetic resonance 
*5 Pd(dppf)Cl2 = l,r-bis(diphenyIphosphino)ferrocene palladium dichloride 

Ph = phenyl 

TBAF = tetrabutyl ammonium fluoride 
TBSCl = t-butyldimethylsilyl chloride 
TBSOTf = t-butyldimethylsilyl triflate 
20 TEA = triethylamine 

TFA = trifluoroacetic acid 
TFEA = trifluoroethylamine 
Tf20 = triflic anhydride 

THF = tetrahydrofuran 
25 TLC = thin layer chromatgraphy 

TMEDA = N,N,N',N'-tetramethylethylenediamine 
TMSCN = trimethylsilyl cyanide 
TsOH = p-toluenesulfonic acid 

30 The compounds of the present invention can be readily prepared 

according to the following reaction schemes and examples, or modifications thereof, 
using readily available starting materials, reagents and conventional synthesis 
procedures. In these reactions, it is also possible to make use of variants which are 
themselves known to those of ordinary skill in this art, but are not mentioned in 

35 greater detail. Furthermore, other methods for preparing compounds of the invention 
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wilJ be readily apparent to the person of ordinary skill in the art in light of the 
following reaction schemes and examples. Unless otherwise indicated, all variables 
are as defined above. 

The preparation of the compounds of the present invention can be 
5 carried out in sequential or convergent synthetic routes, as shown in Schemes 1-8 
below. A compound of Formula (I) can be prepared in accordance with Scheme 1, 
wherein Compound I is readily prepared via literature procedures described in Dorsey 
et al., 7. Med. Chem. 1994, 32: 3443-3451 , and also in US 5413999. Treatment of the 

9 

hydroxyl compound 1 with triflic anhydride and lutidine in an inert solvent such as 
10 dichloromethane provides triflate 2. Displacement of the triflate with piperazine 3 
occurs on heating in an inert solvent such as isopropanol to give lactone 4. Hydrolysis 
of lactone 4 with an aqueous lithium hydroxide provides the hydroxy acid which is 
conveniently protected with a standard silyl protecting group such as 
t-butyldimethylsilyl by reaction with either t-butyldimethylsilyl chloride in the 
15 presence of imidazole in an inert solvent or the reaction with the silyl triflate and 
diisopropyl ethylamine in an inert solvent such as dichloromethane. Mild aqueous 
hydrolysis of the silyl ester provides the protected hydroxy-acid 5. Amide coupling of 
compound 5 with NH2R5 to obtain 6 is typically performed by the carbodiimide 

method with reagents such as l-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) 
20 and HOBT in an inert solvent such as dichloromethane. Other methods of forming 
the amide or peptide bond include, but are not limited to, the synthetic routes via an 
acid chloride, azide, mixed anhydride or activated ester. The silyl protecting group is 
removed with fluoride to arrive at compound 7. The BOC protecting group on the 
amine is then removed with a strong acid such as trifluoroacetic acid or hydrochloric 
25 acid in an alcoholic solvent such as methanol to give the penultimate intermediate 8. 
Penultimate 8 is then reacted with the desired aldehyde 9 and a reducing agent such as 
sodium cyanoborohydride or sodium triacetoxyborohydride in an inert solvent such as 
dichloromethane to give compound 10. 
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SCHEME 1 
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SCHEME 1 (continued) 




A more convergent route to compounds of the present invention is 
5 presented in Scheme 2, below. The orthogonally protected piperazine 11 can be 

selectively deprotected. The BOC protecting group can be removed by treatment with 
strong acids such as trifluoroacetic acid in dichloromethane or HCl in methanol. The 
resulting amine 12 can then be reacted with an aldehyde in the presence of a reducing 
agent such as sodium cyanoborohydride or sodium triacetoxyborohydride to give 

10 piperazine 13. Removal of the Alloc protecting group is readily accomplished with a 
palladium catalyst in the presence of a nucleophilic trapping agent such as 1,3- 
dimethylbarbituric acid or as in J. Org. Chem, 1993, 58, 6109-6113. Displacement of 
the triflate of 2 with piperazine 14, as in Scheme 1 gives lactone 15 which is then 
converted into compounds of the present invention following the route depicted in 

15 Scheme 1. 
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SCHEME 2 




5 An alternative route to the instant compounds is presented in Scheme 

3, as exemplified for NH2R5 = aminoindanol. Compound 16 can be easily prepared 

according to the procedures described in the literature including, but not limited to, 
those described in Tetrahedron Letters 1995, 36: 2195-2198 and US 5646148. As 
shown in Part A of Scheme 3, the epoxide opening can be carried out by heating 
10 piperazine 3 and the epoxide in an inert solvent. Acidic removal of the protecting 
groups can be accomplished by treatment with hydrochloric acid in an alcoholic 
solvent such as methanol, ethanol or isopropanoL The resulting intermediate 18 is 
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then reductively aminated as in Scheme 1 to provide the compounds of the present 
invention. Alternatively, as shown in Part B of Scheme 3, the epoxide opening can be 
preformed with fully elaborated piperazine 14 to give 20. Once again the protecting 
group is removed with strong acid to give 19. 

Scheme 3 
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5 Intermediates of formula hffl[2R5 can be readily prepared via the 

literature procedures including, but not limited to, those found in Tetrahedron Letters 
1991, 32: 711-714, Tetrahedron Letters 1995, 36: 3993-3996 and 5>'Azr/2e^/^ 1998, 
938-961. A procedure for preparing m-aminochromanols by the stereoselective 
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hydroge bromide-promoted hydrogenation of an a-hydroxyoxime is described in 
Davies et al., Tetrahedron Letters 2000, 41: 8021-8025. 

Piperazine inteiTnediates are readily prepared from the known 
piperazine carboxylic acid 21, which can be prepared as described in Hel. Chem. Acta. 
5 1960, 43: 888-896. Selective monoprotection of the piperazine is carried out using 
BOC anhydride as described in Tetrahedron Letters 1989, 30: 5193-5196. The 
remaining unprotected amine can then be protected with any number of 
chioroformates including ally] chloroformate or benzyl chloroformate to give 23. 
Amide couplings of 23 with NH2R6 to give 24 are performed using standard amide 

10 coupling reactions as described above. Many NH2R^ amines are commercially 

available and others can be prepared via literature methods including, but not limited 
to. those described in Tetrahedron Letters 1999, 40, 3831-3834. Acidic removal of 
the BOC protecting group as before gives 25. The Alloc group can be removed as 
before. The CBZ group is readily removed by hydrogenolysis with a palladium 

15 catalyst under a hydrogen atmosphere in an alcoholic solvent such as methanol or 
ethanol. Removal of the protecting groups can also be accomplished by a number of 
methods known in the art, such as those described in Greene, Protective Groups in 
Organic Synthesis , John Wiley and Sons, New York, 1991, These deprotected 
intermediates are then carried onto compounds of the instant invention via the 

20 synthetic routes shown in Schemes 1 , 2 and 3, 
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Scheme 4 
HN 



.NH 

COOH 
21 



BoCv. 



Boc. 



NH 



Boc. 



N 



.NH . 

COOH 
22 



P'CI 



N(Et)3 



.N-P 
COOH 



23 



P' = Alloc: 
Pd 

barbituric 



[P' = CBZ, 
Alloc] 



NHgR^ 
EDC. HOBT 



IPPh3]4, 1 ,3-dimethyl- ^OC s. 
bituric acid i 1 



P'= CBZ: Pd-Hg 




O^NHR° 



24 



The desired aldehyde intermediates are, in many cases, commercially 
5 available (e.g., Aldrich Chemical). Other aldehydes of interest can be prepared by 
literature methods including classical methods familiar to those skilled in the art. 
Stille and Suzuki coupling of commercially and readily available aryl and heteroaryl 
halides, aryl trialkyistannanes, and arylboronic acids also provides the desired 
aldehydes as exemplified for bromofuran in Scheme 5 below. Aldehyde 27 can be 
10 reacted with trialkylarylstannane 26 in the presence of a palladium catalyst by the 
method of Gronowitz et al. , /. Heterocyclic Chem. 1995, 35: 771, to give 28. 
Alternatively, trialkylstannane 30 can be coupled with arylhalides such as 29 to give 
31 which can be deprotected under mild conditions with dilute hydrochloric acid to 
give aldehyde 28. Other aldehydes are available via metal halogen exchange followed 
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by anion quenching with DMF as described by Vogel et al., J, Chem. Soc. Perkin 
Trans 7, 1974, 37. Metalation of a biaryl or heterobiaryl compound such as 32 with a 
strong base such as n-butyllithium at low temperature in an inert solvent such as THF 
followed by anion trapping with DMF also provides aldehydes such as 28. 

5 

Scheme 5 




32 28 



When R2 and R3 are alkyl, the necessary intermediates can be formed 
10 as shown in Scheme 6 below. Piperazine 12 can be treated with TMSCN and a 

ketone in acetic acid to give intermediate 34 according to the method described in 7. 
Org. Chem. 1990, 55, 4207-4209. The Alloc protecting group is removed as 
described in Scheme 4 and the resulting intermediate, 35, is then treated with an 
excess of a Grignard to give the gem-dialkyl compound 14A. This intermediate is 
15 then converted to the compounds of the present invention via chemistry described in 
Schemes 2 and 3 above. 
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TMSCN, 
AcOH 

O 
33 



R^MgBr 
DME 




Pd[P(Ph)3]4 

1 .d-dimethylbarbituric 

acid 



.2 CN 



14A 




An additional route to intermediates such as 14A, where R2 and R3 are 
5 alkyi or cycloalkyl, is depicted in Scheme 7, below. Alkylation of piperazine 25, 
where P' is an appropriate protecting group such as those described above, with 
alkylating agent 36, is conveniently carried out in the presence of copper oxide, 
copper, and a tertiary amine base according to methods described in 7. Org. Chem 
1996, 61: 6517-6522, /. Am. Chem. Soc. 1960, 4908, and J. Org. Chem. 1994, 59: 

10 2282-2284, where R2 and R3 are alkyl or cycloalkyl and X is a leaving group such as 
bromine, chlorine, mesylate, triflate, or phosphonate. Heterocycles of interest can be 
prepared from the acetylenic piperazine 37 using chemistry known to those skilled in 
the art. For example, intermediates such as 39 can be formed by the reaction of iodo 
or bromo phenols such as 38 with 37 according to the procedures of Castro et al., /. 

15 Org. Chem, 1966, 31: 4071-4078, Larock et al., J. Org, Chem. 1995, 60: 3270, or 
Arcadi et al.. Synthesis 1986, 749. Triazole intermediates 41 are readily available 
from the reaction of 37 and aryl or hetcroaryl azides as shown for phenylazide 40 in 
an inert high boiling solvent such as dichlorobenzenc according to the method of 
Sakamoto et. al. as described in Heterocycles 1993, 35: 1273. Sydnones, such as 
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are available by procedures detailed in 7. HeterocycL Chem. 1992, 29: 1013-1015. 
They can be reacted with 37 to give pyrazoles such as 43 according to the procedure 
of Gotthardt et al. as described in Chem, Ber. 1968, 101: 536. Isoxazole intermediates 
such as 45 can be formed by treatment of the piperazine 37 with nitrones Hke 44 in a 
5 high boiling solvent such as nitrobenzene as described in Liebigs Ann. Chem. 1992, 
947-952. Each of these piperazine intermediates can be converted to compounds of 
the instant invention via chemistry depicted in Schemes 1-3 above. 

Scheme 7 



10 
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Oxazolyl piperazine intermediates such as 50 are available via the 
route shown in Scheme 8 below. Alkylation of piperazine 25 with bromo acid 46 in 
5 the presence of silver triflate in an inert solvent such as THF, according to methods 
detailed in /. Org. Chem, 1995, 60: 4013-4016, provides 47. Amide coupling of 
amine 48 to acid 47 to provide 49 can be carried out by any of the methods described 
above including the EDC /HOST method. Amines such as 48 are prepared via 
chemistry described in Org. Synth. 1986, 64: 19-26 and Tetrahedron Letters 1999, 40: 
10 6739-6743. Oxazole formation is accomplished by the action of a strong acid such as 
sulfuric acid on 49 in an inert solvent at elevated temperature, or as described in J. 
Med. Chem. 1996, 39: 2753-2763, to give intermediate 50. Again, intermediates such 
as these can be transformed into compounds of the instant invention via synthetic 
routes shown in Schemes 1,2, and 3. 
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Scheme 8 
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S The present invention also includes a process for preparing a nitrogen- 

protected piperazine carboxamide of Formula (I*): 



P^-.^ ^R* 



R'' 

N 

R" 




NH 



O^NH 



R^ (I*); 
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wherein the process comprises: 



(A) hydrogenating a pyrazine carboxamide of Formula (II*): 




5 R^'^ (n*), 

in a solvent to obtain the corresponding piperazine carboxamide of Formula (IH*): 



10 



15 



20 



HN 




R" 



NH 



O^NH 



R''' (m*); 



(B) resolving the 5- carboxamide isomer of Compound m* by: 

(bl) forming a solution comprising Compound in*, a chiral 

acid, and solvent; 
(hi) crystallizing from the solution a salt which contains 

predominantly either the S- or R- isomer; 
(b3) if the precipitated salt crystals consist predominantly of 

the desired isomer, separating the salt crystals from the 

mother liquor; and 
(b4) if the mother liquor consists predominantly of the 

desired isomer, separating the salt crystals from the 

mother liquor and recovering the isomer from the 

mother liquor; and 
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(C) breaking the separated crystalline salt of the S-carboxamide 
isomer by treating the salt with base, and treating the free S-isomer with a nitrogen- 
protecting agent to obtain piperazine amide (I*); 

5 

wherein 



P is a nitrogen-protecting group; 



10 R6A is hydrogen, Ci-Ce alkyl or fluorinated Ci-Ce alkyi; and 

each of Rs, Rt and Rt* is independently hydrogen, C1-C4 alkyl, -C(=0)RW , 
-COORw, or -C(=0)NRWRZ, where Rw and Rz are each independently hydrogen or 
C1-C4 alkyl. 

15 

The piperazine carboxamides of Formula I* are useful as intermediates 
in the preparation of compounds of the invention as described above. In this process, 
the group R6A in Compounds I*, n*, and HI* is hydrogen, C1-C6 alkyl or fluorinated 
C1-C6 alkyl. In one embodiment, r6A is hydrogen, C1-C4 alkyl or fluorinated Ci- 
20 C4 alkyl In another embodiment, R6A is C1-C4 alkyl (e.g., methyl, ethyl, isopropyl, 

t-butyl, and so forth). In an aspect of the preceding embodiment, R6A is t-butyl. 

In still another embodiment, R6A is fluorinated C1-C6 alkyl. In an 

aspect of the preceding embodiment, r6A is 

K^CHaF x^^CHF^ K-^CFa , 
\^^CH2CF3 .V^CFaCFg , 



25 



H3C CH3 H3C CH3 
V^CF3 , V^CH^F, 

HaQ^CHzF FH2C CH2F 
-94. 
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In another aspect of the preceding embodiment R6A is ^ 

In the process, each of Rs, Rt and Ru is independently hydrogen, Ci- 
5 C4 alkyl, -C(=0)Rw , -COORw, or -C(=0)NRWRz, where Rw and Rz are each 

independently hydrogen or C1-C4 alkyl. In one embodiment, one of Rs, Rt and Ru is 
hydrogen, C1.C4 alkyl, -C(=0)Rw , -COORw, or -C(=0)NRWRZ, and the other two 
of RS, Rt and Ru is hydrogen. In another embodiment, each of Rs, Rt and Ru is 
hydrogen. 

10 P in Compound X is a nitrogen-protecting group. Suitable protective 

groups and methods for protecting nitrogen via these groups include those described 
in Protective Groups in Organic Chemistry . J.RW. McOmie, editor. Plenum Press, 
1973; Theodora W. Greene, Protective Groups in Organic Synthesis . John Wiley & 
Sons, 1985; and W. Greene and P.G.M. Wuts, Protective Groups in Organic 
15 Synthesis , John Wiley & Sons, 1991. 

In one embodiment, P is: (a) (C1-C4 alkyl)-oxycarbonyl, (b) (C3-C8 
cycloalkyl)-oxycarbonyl, (c) benzyloxycarbonyl in which the benzyl is optionally 
substituted with 1 or 2 substituents independently selected from C1-C4 alkyl, -O-Ci- 
C4 alkyl, and halo, (d) benzyl optionally substituted with 1 or 2 substituents 
20 independently selected from C1-C4 alkyl, -O-C1-C4 alkyl, and halo, (e) trihaloacetyl, 
or (0 tri-(Ci-C4 alkyl)silyl. Exemplary protecting groups include t-butyloxycarbonyl, 
benzyloxycarbonyl, benzyl, 4-methoxybenzyl, 2,4-dimethoxybenzyl, trifluoroacetyl. 
trimethylsilyl, or triethylsilyl. In an aspect of the process of the invention, P is t- 
butyloxycarbonyl. 

In Step A of the process of the invention, the pyrazine carboxamide of 
Formula II* in a mixture with a solvent is hydrogenated, optionally in the presence of 
a hydrogenation catalyst, to form the corresponding piperazine carboxamide. 

Suitable solvents include organic compounds, or mixtures thereof, 
which are chemically inert under the reaction conditions employed in Step A and 
which can also dissolve, suspend, and/or disperse Compound U* during the 
hydrogenation. Suitable solvents can be selected from the group consisting of 
C3-C12 linear and branched alkanes, C]-C6 linear and branched halogenated alkanes, 
C5-C7 cycloalkanes, C6-C10 aromatic hydrocarbons, dialkyl ethers wherein each 
alkyl is independently a C1-C6 alkyl, C4-C8 dialkoxyalkanes, C4-C6 cyclic ethers 
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and diethers, C6-C8 aromatic ethers, and C1-C6 alkyl alcohols. Exemplary solvents 
include carbon tetrachloride, chloroform, methylene chloride, 1,2-dichloroethane 
(DCE), 1,1,2-trichloroethane (TCE), 1,1,2,2-tetrachIoroethane, cyclohexane, toluene, 
o- and m- and /7-xylene, ethylbenzene, ethyl ether, MTBE, THF, dioxane, 1,2- 
5 dimethoxyethane (DME), anisole, phenetole, methanol, ethanol, n- and wo-propanol, 
and tert-huiyl alcohol. 

In one embodiment, the solvent is selected from the group consisting 
of C2-C6 linear and branched halogenated alkanes, dialkyl ethers wherein each alkyl 
is independently a C1-C4 alkyl, C4-C6 cyclic ethers and diethers, and C1-C4 alkyl 
10 alcohols. In an aspect of the preceding embodiment, the solvent is a C1-C4 alkyl 
alcohol. In another aspect of the preceding embodiment, the solvent is methanol or 
ethanol. 

The solvent can also be a mixture comprising water and one or more 
organic co-solvents. Suitable co-solvents include the organic solvents set forth in the 
15 preceding two paragraphs. In one embodiment, the co-solvent is a Cl-Cg monohydric 

alcohol. In an aspect of this embodiment, the co-solvent is methanol or ethanol. The 
water can comprise from about 5 to about 95 volume percent based on the total 
volume of solvent. 

The hydrogenation of pyrazine carboxamide H* can be conducted over 

20 a wide range of temperatures, although the temperature is typically in the range of 
from about -25 to about 200*=*C (e.g., ftom about -20 to about lOO^C). In one 
embodiment, the temperature is in the range of from about 0 to about 80**C. In 
another embodiment, the temperature is from about 15 to about 60^C. 

The pressure is not a critical aspect of the process of the invention, 

25 although atmospheric and superatmospheric pressures tend to be expedient. In one 
embodiment, the pressure is at least about 15 psia (103 kPa). In another embodiment, 
the pressure is in the range of from about 10 psia (68.9 kPa) to about 10,000 psia 
(68,950 kPa) (e.g., from about 50 psia (345 kPa) to about 1,000 psia (6,895 kPa)). 

In one embodiment, the hydrogenation is conducted at a temperature in 

30 the range of from about 10 to about 100 °C and at a pressure of from about 2 psig 
(115 kPa) to about 1000 psig (6996 kPa). In another embodiment, the hydrogenation 
is conducted at a temperature in the range of from about 15 to about 60°C and at a 
pressure in the range of from about 5 psig (135.8 kPa) to about 40 psig (377.1 kPa). 
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Any catalyst which is capable of expediting the hydrogenation of the 
pyrazine ring in Compound n* may be employed in the process of the invention. 
Typically, the catalyst comprises one or more transition metals, or compounds thereof, 
and especially comprises one or more of the Group Vm metals (or compounds 
5 thereof) as set forth in the Periodic Table of the Elements (see, e.g., the 78th edition of 
the Handbook of Chemistry and Physics , CRC Press (1997)). The metals can be 
employed in elemental form or as compounds (e.g., as oxides, hydroxides, or halides). 
Suitable hydrogenation catalysts include palladium, rhenium, rhodium, platinum, or 
nickel. The catalyst can be supported or unsupported. Suitable catalyst supports 
10 include carbon, silica, alunnina, silicon carbide, aluminum fluoride, and calcium 
fluoride. Palladium is particularly suitable for use in the process of the invention. 
Exemplary palladium catalysts include Pd black (i.e., fine metallic palladium 
particles), Pd/C (i.e., palladium on a carbon support), and Pd(0H)2/C. 

The hydrogen source is typically hydrogen gas, optionally in admixture 

15 with a carrier gas that is inert to the process of the invention (e.g., nitrogen or a noble 
gas such as helium or argon). 

The hydrogenation can be carried out in batches or continuously in 
various types of reactors such as a fixed bed reactor or an agitated slurry reactor in 
which the slurry of gas, solvent, pyrazine carboxamide U*, and catalyst is 

20 continuously agitated by mechanical or gas means. A suitable reaction vessel for 
relatively small scale, batch-wise hydrogenations is an autoclave equipped with a 
stirrer or rocker to agitate the reaction mixture. In a batch process, the order of 
addition of pyrazine carboxamide U, solvent, and hydrogenation catalyst to the 
reaction vessel (also referred to herein as the reaction "pot") is not critical. The 

25 reaction components can, for example, be added concurrently, either together or 
separately, or they can be added sequentially in any order. In one embodiment. 
Compound n pre-mixed with the solvent is charged to the reaction vessel followed by 
addition of the catalyst. The hydrogenation can then be conducted by charging 
hydrogen gas, optionally in admixture with one or more inert gases, to the vessel 

30 containing the mixture comprising pyrazine carboxamide H*, solvent, and catalyst, 
and then agitating the mixture under reaction conditions. 

Any amount of catalyst and hydrogen can be employed which results in 
the formation of at least some of Compound HI*. Of course, the maximum 
conversion of Compound U* and maximum yield of Compound III* is normally 
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desired, and relative proportions of reactants and reagents suitable for this purpose are 
typically employed. 

The uptake of hydrogen is not a critical process parameter, although. at 
least a stoichiometric amount of hydrogen gas is typically employed. 
5 The amount of catalyst employed in Step A is suitably at least about 

0,01 mole percent transition metal (e.g., Pd), and is typically in the range of from 
about 0.01 to about 5 (e.g., from about 0.1 to about 5) mole percent transition metal, 
based on the total moles of transition metal and Compound TI*. In one embodiment, 
the amount of catalyst is in the range of from about 1 to about 5 (e.g., from about 2 to 
10 about 3) mole percent transition metal. In another embodiment, the catalyst 

comprises palladium (e.g., Pd/C or Pd(0H)2/C), and the amount of palladium catalyst 

is in the range of from about 1 to about 5 mole percent. 

The yield of piperazine carboxamide HI* in Step A can be at least 
about 80% (e.g., from about 85% to about 99%), and are often at least about 85% 

15 (e.g., from about 90% to about 99 %) 

Step B of the process of the invention involves the resolution of the 5- 
carboxamide isomer from the racemic piperazine carboxamide HI* resulting from 
hydrogenation step A, via the formation and separation of diastereomeric salts. 
Suitable chiral acids for use in Step (bl) include optically active forms of tartaric acid, 

20 mandelic acid, camphoric acid, 10-<:amphorsulfonic acid, pyroglutamic acid, 

0,0-diacetyltartaric acid, 0,0-dibenzoyltartaric acid, 0,0-di-4-toluyItartaric acid, and 
N-acetyl derivatives of amino acids such as N-acetylleucine. A preferred chiral acid is 
(5)-camphorsulfonic acid or (/?)-camphorsulfonic acid. The chiral acid is especially 
(5)-camphorsulfonic acid, and the crystallized (S)-camphorsulfonate salt resulting 

25 from crystallizing step (b2) is a mono- or bis-salt of the S-isomer. The amount of 
chiral acid employed in Step B is typically in the range of from about 0.5 to about 3 
equivalents per equivalent of racemic piperazine carboxamide HI*. 

The solvent can be any chemically inert organic or inorganic substance, 
or combinations thereof, which can dissolve Compound HI* and the chiral acid. 

30 Suitable solvents include water, Ci-C6 monohydric alcohols (e.g., methanol, ethanol, 
n-propanol, /t-butanol, n-pentanol, isopropanol, and sec-butyl alcohol), C2-C8 
polyhydric alcohols (e.g., ethylene glycol, propylene glycol, and glycerol), C2-C4 
nitriles (e.g., acetonitrile and propionitrile), N,N-di-Ci-C6 alkyl tertiary amides of 
C1-C6 alkylcarboxylic acids (e.g., DMF), aliphatic C2-C6 ethers and di-ethers (e.g., 

35 ethyl ether, MTBE and dimethoxyethane), C4-C6 cyclic ethers and di-ethers (e.g., 
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THF and dioxane), and combinations of two or more of the foregoing. In one 
embodiment, the solvent is selected from the group consisting of C1-C6 monohydric 
alcohols, aliphatic C2-C6 ethers and di-ethers and C4-C6 cyclic ethers and di-ethers. 
In an aspect of the preceding embodiment, the solvent is an alcohol such as methanol 
5 or ethanoi. In another embodiment, the solvent is the combination of a C1-C6 

monohydric alcohol and a C1-C4 nitrile. In an aspect of the preceding embodiment, 
the solvent is a mixture of ethanoi and acetonitrile. 

In another embodiment, the solvent is a mixture comprising water and 
at least one organic co-solvent. In an aspect of this embodiment, water comprises at 

10 least about 2 volume percent of the solvent (e.g., from about 2 to about 95 volume 
percent) based on the total volume of solvent. In another aspect of this embodiment, 
the aqueous solvent comprises from about 2 to about 70 volume percent (e.g., from 
about 5 to about 50 volume percent) water, with the balance of the solvent being 
organic co-solvent. Suitable co-solvents include the organic solvents set forth in the 

15 preceding paragraph. In one embodiment, the co-solvent is a C1-C6 monohydric 
alcohol optionally in combination with a C1-C4 nitrile. In an aspect of this 
embodiment, the solvent is water, ethanoi, and acetonitrile. 

The crystallization of the S- or /?-isomer as set forth in Step (b2) above 
can be accomplished using conventional techniques, such as by cooling the solution or 

20 by concentrating the solution via vacuum or evaporative removal of solvent, and 
optionally seeding the solution with the appropriate crystal salt. If the resulting 
crystals are predominantly the desired S-isomer, the crystals can then be separated by 
filtration and followed optionally by the washing and drying of the filter cake. If the 
precipiated crystals are predominantly the /f-isomer, a salt which contains 

25 predominantly the 5-isomer can be obtained from the mother liquor, such as by 
evaporative or vacuum removal of the solvent. 

The yield of the 5-carboxamide isomer in Step B can be in a range of 
from about 20% to about 40%, and is often from about 30% to about 40 %, based 
upon the racemic piperazine carboxamide. (The yield based upon the desired S- 

30 cnantiomer is twice these values; i.e., from about 40% to about 80%, and often from 
about 60% to about 80%.) 

Step C of the process of the invention involves breaking the 
crystallized salt by treating the 5-isomer-containing salt with base and sequentially or 
concurrently treating the 5-isomer with a nitrogen-protecting agent to obtain 

35 piperazine carboxamide I*. Suitable bases for breaking the recovered 5-isomer 
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include bases selected from the group consisting of alkali metal hydroxides, alkali 
metal carbonates, alkali metal oxides, C1-C6 alkoxides of alkali metals, alkaline earth 
metal hydroxides, alkaline earth metal oxides, tetra (C1-C4 aIkyl)ammonium 
hydroxides, and tri-(Ci-C4 alkyl)amines. Exemplary bases include hydroxides, 
5 carbonates, and oxides of lithium, sodium and potassium; methoxides, ethoxides, and 
n- and z^o-propoxides of lithium, sodium, and potassium; tetramethyl- and tetraethyl- 
ammonium hydroxide; triethylamine; and diisopropylethylamine. In one 
embodiment, the base is selected from the group consisting of alkali metal 
hydroxides. In an aspect of the preceding embodiment, the base is NaOH or KOH. 

10 The base can also be an alkanolamine (e.g., ethanolamine), a 

hydroxylamine (e.g., hydroxylamine per se, N-methylhydroxylamine, N,N- 
dimethylhydroxylamine, or N-ethylhydroxylamine), or a diamine (e.g., 
ethylenediamine, tetramethylenediamine, or hexamethylenediamine). 

A typical procedure can employ an aqueous base (e.g., aqueous 

15 NaOH), wherein the crystallized salt is slurried in an organic solvent and the slurry is 
mixed with aqueous base resulting in a solution or a biphasic mixture, followed by 
addition of and reaction with the nitrogen-protecting agent (e.g., B0C2O). The 

formation of the slurry and the biphasic mixture/solution is suitably conducted at 
temperatures in the range of from about 0 to about 100**C, and is typically conducted 

20 at a temperature of from about 10 to about 60°C. In one embodiment, the temperature 
is in the range of from about 15 to about 35*^0. The organic solvent can suitably be 
selected from C1-C12 linear and branched alkanes, C1-C12 linear and branched 
halogenated alkanes, C5-C10 cycloalkanes, C6-C14 aromatic hydrocarbons, dialkyl 
ethers wherein each alkyl is independently a Ci-CiQ alkyl, C4-C8 dialkoxyalkanes, 

25 C4-C8 cyclic ethers and diethers, C6-C8 aromatic ethers, C2-C10 dialkyl ketones 
wherein each alkyl is independently Ci-Cg alkyl, C1-C6 alkyl esters of C1-C6 
alkylcarboxylic acids, primary Ci-Cio alkyl alcohols, secondary C3-C10 alkyl 
alcohols, tertiary C4-C10 alkyl alcohols, primary amides of C1-C6 alkylcarboxylic 
acids, N-C1-C6 alkyl secondary amides or N,N-di-Ci-C6 alkyl tertiary amides of 

30 C1-C6 alkylcarboxylic acids, C2-C6 aliphatic nitriles, C7-C10 aromatic nitriles, and 
mixtures thereof- Exemplary solvents include carbon tetrachloride, chloroform, 
methylene chloride, 1,2-dichloroethane (DCE), 1.1.2-trichloroethane (TCE), 1,1,2,2- 
tetrachloroethane, cyclohexane, toluene, o- and m- and p-xylene. ethylbenzene, ethyl 
ether, MTBE, THE, dioxane, 1,2-dimethoxyethane (DME), anisole, phenetole, 

35 acetone, methyl ethyl ketone (MEK), methyl acetate, ethyl acetate, IP Ac, ethanol, n- 
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and lA'c^-propanol, tert-butyl alcohol, dimethylformamide (DMF). acetonitrile, 
propionitrile, benzonitrile, and p-tolunitrile. 

Another typical procedure can employ a non-aqueous base, wherein the 
crystallized salt is suspended in organic solvent, optionally including a small amount 
5 of water (e.g., from about 0 to about 10 volume percent) as co-solvent, the suspension 
mixed with an organic base, and the mixture stirred until homogeneous, followed by 
addition of and reaction with the nitrogen-protecting agent. The formation of the 
suspension and the homogeneous mixture is suitably conducted at temperatures in the 
range of from about 0 to about lOO^'C, and is typically conducted at a temperature of 
10 from about 10 to about 60^C (e.g., from about 15 to about 35X). Suitable organic 
solvents include those set forth in the preceding paragraph. In one embodiment, the 
solvent is a mixture of C2-C4 aliphatic nitrile and a C1-C4 alkyl ester of a C1-C4 

alkylcarboxylic acid (e.g., a mixture of acetonitrile and isopropyl acetate). 

It is normally desired to completely break the crystallized salt so as to 
15 obtain the free base (5)-pipera2ine carboxamide. Accordingly, the base is typically 
employed in an amount of at least about 2 equivalents per equivalent of crystallized 
salt. 

Treating with base to break the salt in Step C also includes eluting a 
solution of the crystalline salt through a suitable ion exchange column, such that the 

20 chiral acid and the piperazine amide elute separately. The crystalline salt solution can 
be prepared by dissolving the salt crystals obtained in Step B in a suitable solvent 
(e.g., the solvents set forth above in the description of Step B). In the case where the 
desired salt crystals are present in the Step B mother liquor (i.e.. Step (b4)), the 
mother liquor can be passed directly through the column and thereby avoiding 

25 isolation of the salt crystal. The eluted piperazine carboxamide can then be reacted 
with a suitable nitrogen protecting agent to afford Compound I*. 

While any amount of nitrogen-protecting agent can be employed which 
results in the formation of at least some of Compound I*, the amount of agent 
typically employed is that which can maximize the conversion of the 5-isomer of ni* 

30 to I*. Accordingly, the amount of nitrogen-protecting agent is suitably at least about 1 
equivalent per equivalent of HI*. In one embodiment, the amount of nitrogen- 
protecting agent is in the range of from about 1 to about 1.5 equivalents per equivalent 

ofm*. 

Yields of at least about 85% (e.g., from about 90% to about 99%) for 
35 Compound 1* can be obtained in Step C. 

- 101 - 



wo 01/38332 



PCT/USOO/32089 



Another aspect of the invention is a process for racemizing an optically 
pure or enriched piperazine carboxamide selected from: 




5 

which comprises treating the piperazine carboxamide with a strong base in a solvent 
at a temperature in the range of from about 0 to about 250®C; wherein P' is either 
hydrogen or a nitrogen-protecting group P as defined above; and R6A, rs^ Rt and Ru 
are each as defined above. Suitable strong bases include of alkali metal hydroxides 
10 and Ci-C6 alkoxides of alkali metals. Exemplary strong bases include the 

methoxides, ethoxides, n- and i^c^-propoxides, and r^rf-butoxides of lithium, sodium, 
and potassium. Suitable solvents include the organic solvents set forth above as 
useful in Step C. The reaction temperature is more typically in the range of from 
about 40 to about 120''C. 
15 In an embodiment of the racemization process, the starting piperazine 

carboxamide is the /^-isomer: 




»6A 



20 The mother liquor from Step (b3) or the salt crystals from Step (b4) can be a source of 
the /{-isomer, wherein the diastereomeric salt containing the isomer can be broken by 
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treating with base in the same manner as that described above in Step C for the 5- 
isomer, to afford the /f-isomer. Once racemized the piperazine carboxamide can be 
subjected to the resolution process as described in Step B above to obtain additional 
quantities of the desired 5-isomen 

An embodiment of the invention is a process which comprises Steps A, 
B and C as set forth above, and which further comprises: 

(Z) reacting a pyrazine carboxylic acid of Formula (IV*): 




OH (IV*) 



10 with R6AnH2, or an acid salt thereof, in the presence of a coupling agent to obtain 
pyrazine carboxamide II*; 

wherein R6A, rs^ Rt and Ru are each as defined above. 

Acid salts of the amine, r6Anh2, suitable for use in Step Z include 

15 salts of inorganic acids (e.g., HCl, sulfuric acid, nitric acid, etc.) and of organic acids 
(e.g.. acetic acid, trifluoroacetic acid, alkyl and aryl sulfonic acids, etc.) 

While any amount of the Compound IV* can be employed which 
results in the formation of at least some of Compound n*, the maximum conversion 
of Compound IV* and maximum yield of Compound H* is normally desired. 

20 Accordingly, the amount of Compound IV* typically employed in Step Z is at least 
about one equivalent per equivalent of the amine. In one embodiment, the amount of 
Compound IV* is in the range of from about 0.5 to about 5 equivalents per equivalent 
of amine. In another embodiment, the amount of Compound IV* is in the range of 
from about 0.9 to about 2 (e.g., from about 1 to about 1.5) equivalents per equivalent 

25 of amine. 

The coupling agent in Step Z can be any organic compound which 
facilitates the amidation of the carboxylic acid group in IV* by R6AnH2. Suitable 

coupling agents include carbodiimides (e.g., such as dicyclohexylcarbodiimide, 
diisopropylcarbodiimide. EDC, and the like), N,N'-carbonyldiimidazole, POCI3, 
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TiCl4, SO2CIF, and chlorosulfonyl isocyanate. In one embodiment, the coupling 
agent is EDC. In an aspect of the preceding embodiment, the coupling agent is EDC 
in combination with HOBT. 

While any amount of coupling agent can be employed which results in 
5 the formation of at least some of Compound H*, the maximum conversion of 
Compound IV* and maximum yield of Compound 0* is normally desired. 
Accordingly, the amount of coupling agent typically employed in Step Z is at least 
about one equivalent per equivalent of IV*. In one embodiment,.the amount of 
coupling agent is in the range of from about 1 to about 5 equivalents per equivalent of 

10 rv*. In another embodiment, the amount of coupling agent is in the range of from 
about 1 to about 2 equivalents per equivalent of IV*. 

The amidation of Compound IV* can be conducted over a wide range 
of temperatures, although the temperature is typically in the range of from about -20 
to about ISO'^C (e.g., from about -15 to about 120°C). In one embodiment, the 

15 temperature is in the range of from about -5 to about 65®C. In another embodiment, 
the temperature is from about 0 to about 50**C. In still another embodiment, the 
temperature is from about 10 to about 35*'C. 

In a typical procedure, the pyrazine carboxylic acid IV* is dissolved, 
dispersed or suspended in an organic solvent, followed by the sequential addition of 

20 the amine and the coupling agent. The mixture is maintained at reaction temperature 
for a period sufficient to achieve maximum conversion, after which the amidated 
product IS recovered from the reaction mixture by conventional separation and 
isolation procedures. 

Organic solvents suitable for use in Step Z include the C1-C12 linear 

25 and branched alkanes, C1-C12 linear and branched halogenated alkanes, C5-C10 
cycloalkanes, C6-C14 aromatic hydrocarbons, dialkyl ethers wherein each alkyl is 
independently a Ci-CiQ alkyl, C4-C8 dialkoxyalkanes, C4-C8 cyclic ethers and 
diethers, Cg-Cg aromatic ethers, C2-C10 dialkyl ketones wherein each alkyl is 
independently Ci-Cg alkyl, Ci-Cg alkyl esters of C1-C6 alkylcarboxylic acids, 

30 primary Ci-Cio alkyl alcohols, secondary C3-C10 alkyl alcohols, tertiary C4-C10 
alkyl alcohols, primary amides of Ci-Cg alkylcarboxylic acids, N-Ci-Cg alkyl 
secondary amides or N,N-di-Ci-C6 alkyl tertiary amides of C1-C6 alkylcarboxylic 
acids, C2-C6 aliphatic nitriles, C7-C10 aromatic nitriles, and mixtures thereof. 
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If desired, the progress of the reaction in any one or all of Steps Z, A, B 
and C can be followed by monitoring the disappearance of a reactant (e.g., Compound 
n* or H2 in Step A) and/or the appearance of the product (e.g., HI* in step A) using 

such analytical techniques as TLC, HPLC, NMR or GC. 
5 Yields of at least about 70% (e.g., from about 70% to about 90%) for 

pyrazine carboxamide n* can be obtained in Step Z, and yields of from about 85% to 
about 95% can often be achieved. 

Another embodiment of the process of the invention is a process for 
preparing a nitrogen-protected piperazine carboxamide of formula Al: 

10 




3 



wherein P is a nitrogen-protecting group and the process comprises: 

(A) hydrogenating a pyrazine carboxamide of formula A2: 



15 




H A2, 

in a solvent and in the presence of a transition metal catalyst to obtain a piperazine 
carboxamide of formula A3: 



20 



O'^N'^CFg 

H ^ 



A3; 
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(B) resolving the 5-carboxaniide isomer of Compound A3 by: 
(bl) forming a solution comprising Compound A3 . 

(5)-camphorsulfonic acid, and solvent; and 
(b2) crystallizing from the solution a salt which contains 
predominantly the 5-isomer; and 



(C) breaking the separated crystal salt of the 5-carboxamide isomer 
by treating the salt with base, and treating the resulting free base 5-isomer with a 
nitrogen-protecting agent to obtain piperazine carboxamide Al. 
10 The general reaction conditions and procedures, choice of solvents, 

choice and/or amounts of reactants and reagents described earlier for Steps A, B and 
C apply to Steps A, B and C of this embodiment as well. The crystallization in Step 
(b2) can optionally be assisted by seeding the solution with the (5)-camphorsulfonate 
salt of the (5)-isomer. 

15 In an aspect of this embodiment, the resolution of the 5-carboxamide 

isomer is conducted in a solvent consisting of acetonitrile, ethanol, and water with 
from about 1.2 to about 2.0 equivalents (e.g., from about 1.5 to about 1.9 equivalents) 
of (5)-CSA per equivalent of racemic A3. In a preferred aspect of this embodiment, 
the resolution of the 5-carboxamide isomer is conducted in a solvent consisting of 

20 acetonitrile, ethanol, and water with from about 1 .2 to about 2.0 equivalents (e.g., 
from about 1.6 to about 1.8 equivalents; or about 1.7 equivalents) of (5)-CSA per 
equivalent of racemic A3, wherein water constitutes from about 2 to about 7 weight 
percent (e.g., from about 4 to about 5 weight percent) of the solvent and die volume 
ratio of acetonitrile to ethanol is in the range of from about 9:1 to about 6:4. 

25 The enantiomeric excess of the resulting salt can be upgraded by (i) 

forming a slurry of the salt in a solvent system comprising acetonitrile, ethanol and 
water (e.g., from about 50 to about 95 volume percent acetonitrile, from about 49 to 
about 4 volume percent ethanol, and from about 1 to about 5 volume percent water; 
another example: from about 1:1 to about 15:1 (v/v) acetonitrile:95%. ethanol), (ii) 

30 aging the slurry by heating it for a period of time (e.g., at a temperature of from about 
50 to about 90®C for at least about one hour), and then (iii) cooling the slurry (e.g., to 
a temperature in the range of from about 0 to about 30°C). The resulting crystals have 
an increased ee and can be recovered by conventional means (e.g., filtration, washing 
with the slurry solvent, and drying). 



-106- 



wo 01/38332 PCT/USOO/32089 




Another embodiment of the process is a process which comprises 
Steps A, B and C as set forth in the preceding embodiment, and which further 
comprises: 

(Z) reacting a pyrazine carboxylic acid of Formula A4: 

N 

0Ha4 

with CF3CH2NH2, or an acid salt thereof, in the presence of EDC and HOBT to 
obtain pyrazine carboxamide A2. 

The general reaction conditions and procedures, choice of solvents, 
10 choice and/or amounts of reactants and reagents described earh'er for Step Z apply to 
Step Z of this embodiment as well. 

Another embodiment of the present invention is a compound of 

Formula (V*): 



NH 

15 H ^ (V*). 

wherein P is a nitrogen-protecting group. In an aspect of this embodiment, P is Boc. 

The following examples serve only to illustrate the invention and its 
20 practice. The examples are not to be construed as limitations on the scope or spirit of 
the invention. 

EXAMPLE 1 

(a/?,Y5,25)-A^.((3S.4S)-3,4-dihydK)-3-hydroxy-2//-l-benzopyran-4-yI)-4-(l- 
25 furo[3.2-c]pyridin-2-yl- 1 -methylethyl)-Y-hydroxy-a-(phenyImethyl)-2-[[{2,2,2- 
trifluoroet hvl>aminolcarbonvn-l-piDerazinepentanamide 
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Me. Me 



N 



N 




O 



O^NH 




Step A 



0^0° 




To a solution of l,4-pipera2ine-2-(S)-carboxylic acid [bis(+>CSA salt] 
(54.9 g, 92.2 mmol) in 1 L THF was added IN aqueous NaOH until the resulting 
solution was pH 9 (250 mL). The solution was cooled to 0 oc, and BOC-ON (22.7 g, 
92.2 mmol, as a solution in 200 mL THF) was added via an addition funnel. The 

10 resulting solution was warmed to ambient temperature over 5 hours, then cooled again 
to 0 f>C. AUyl chloroformate (9.78 mL, 92.2 nmiol) was added via syringe, followed 
by an additional 100 mL of IN aqueous NaOH. The solution was warmed to ambient 
temperature overnight, then concentrated to minimum volume by rotary evaporator. 
The resulting mixture was acidified to pH 1 with IN aqueous HCl, and extracted with 

15 ethyl acetate (400 mL x 2). The organic layers were washed with brine (200 mL) 
dried (MgS04) and concentrated in vacuo, affording 44.9 g of a yellow oil. This 
material was dissolved in 400 mL DMF, followed by the addition of CSHCO3 (14.8 g, 
76.1 mmol) and CS2CO3 (14.3 g, 44.2 mmol). To this mixture was added benzyl 
bromide (14.2 mL, 120 mmol). After 20 hours at ambient temperature, an additional 
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aliquot of benzyl bromide (5.50 mL, 46.2 ramol) was added. After an additional 4 
hours at ambient temperature, the reaction was quenched by the addition of 200 mL 
of saturated aqueous NaHCOs. The mixture was extracted with ethyl acetate (400 mL 
X 2). The organic layers were washed with H2O (300 mL x 2) and brine (300 mL), 
5 dried (MgS04), and concentrated in vacuo to afford 55.2 g of a yellow oil 

Purification by flash chromatography (5% ethyl acetate in dichloromethane) afforded 
the title compound as a clear oil. iH NMR (CDCI3, 300 MHz) 7.35 (s, 5H), 5.90 (m, 
IH), 5.20 (m, 4H), 4.70 (m, 5H), 3.95 (m, IH), 3.30 (m, IH), 3.10 (dt, IH), 2.85 (m, 
IH), 1.45 (s, 9H), 

10 

Step B 




To the intermediate prepared in Step A (28.0 g, 69.9 mmol) in 400 mL 
of dichloromethane was added 200 mL trifluoroacetic acid at ambient temperature, 

15 After 5 hours, the solution was poured slowly onto 1 L of saturated aqueous 

NaHC03. To this mixture was added 2.5 N aqueous NaOH until the aqueous layer 
was pH 7. The organic layer was extracted, dried (Na2S04), and concentrated in 
vacuo affording a clear oil. To 5.75 g (19.6 mmol) of this intermediate in 50 mL of 
THF was added 194 mg (2.00 mmol) CuCl. The mixture was cooled to 0 oc, and 3- 

20 chloro-3-methyl-l-butyne (2.20 mL, 19.6 mmol) was added via syringe, followed by 
Cu powder (124 mg, 2.00 mmol) and triethylamine (6.00 mL, 43.0 mmol). The 
resulting mixture was warmed to ambient temperature overnight. The reaction 
mixture was then filtered through celite, and the solution diluted with ethyl acetate 
(300 mL), and washed with saturated aqueous NaHCOs (300 mL) and brine (300 

25 mL). The organic layer was dried (MgS04) and concentrated in vacuo affording a 
yellow oil. Purification by flash chromatography (20% ethyl acetate in hexane) 
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afforded the title compound as a clear oil. iH NMR (CDCI3, 400 MHz) 7.39 (s, 5H), 
5.92 (m, IH), 5.20 (m, 4H). 4.80 (d. IH). 4.62 (dd, 2H), 3.93 (dd, IH), 3.58 (t, IH), 
3.28 (dt. IH), 2.98 (dd, IH), 2.40 (d, IH), 2.22 (m, IH), 1.76 (s, IH), 1.36 (s, 3H), 
1.32 (s, 3H). 



To a solution of 4-hydroxypyridine (10.0 g, 105 mmol) in 200 mL of 
methanol was added N-iodosaccinimide (47.1 g, 210 mmol). The solution was heated 
10 to reflux for 3 hours, and the resulting precipitate was filtered hot. The filtrate was 
dried in vacuo, affording the title compound as a white solid. AH NMR (DMS0-D6, 

300 MHz) 8.25 (s, 2H). 2.50 (s, IH). 
StepD 

15 



To a solution of the intermediate prepared in Step B (4.30 g, 1 1.6 
mmol) in pyridine (150 mL) was added the intermediate prepared in Step C (4.03 g, 
20 11.6 mmol). To this solution was added Cu20 (2.50 g, 17:4 mmol). The resulting 
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mixture was heated to reflux for 2 hours, then cooled to ambient temperature. The 
reaction was quenched by the addition of 200 mL of saturated aqueous NaHC03, and 

extracted with ethyl acetate (500 mL x2). The organic layers were washed with 10% 
aqueous NH4OH (300 mL x3) and brine (300 mL), dried (MgS04), and concentrated 

5 in vacuo. Purification by flash chromatography (45% ethyl acetate in hexane) 

afforded the title compound as a yellow gum. iH NMR (CDCI3, 400 MHz) 8.68 (s, 

IH), 8.66 (s, IH), 7.30 (s, 5H), 6.59 (s, IH), 5.84 (m, IH), 5.27 (m, 4H), 4.76 (d, IH), 
4.60 (m, 2H), 3.90 (dd, IH), 3.63 (dd, IH), 3.27 (dt, IH), 2.99 (dd, IH), 2.34 (dt, IH), 
2.23 (dq, IH), L93 (s, 6H). 

10 

StepE 




To a solution of tris(dibenzylidineacetone)dipalladium(0) (371 mg, 
15 0.405 mmol) in 50 mL of THF was added l,4-bis(diphenylphosphino)butane (466 mg, 
0.810 mmol). After stirring 20 min at ambient temperature, this solution was added 
via cannula to a solution of the intermediate from Step D (4.77 g, 8.10 mmol) and 
thiosalicilic acid (1.87 g, 12.1 mmol) in 50 mLTHF. After 1 hour at ambient 
temperature the reaction was diluted with 1 L diethyl ether and extracted with 1% 
20 aqueous HCl (250 mL x3). The combined aqueous layers were neutralized with 
excess saturated aqueous NaHCOs, and the resulting suspension was extracted with 

ethyl acetate (500 mL x2). These organic layers were washed with brine (200 mL), 
dried (MgS04), and concentrated in vacuo affording 4.26 g of a yellow solid. This 
material was dissolved in 800 mL dichloromethane. To this solution was added 
25 triethyl amine (1.47 mL, 10.5 nmiol), di-rert-butyldicarbonate (2.03 g, 9.29 mmol) 
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and 4-diTnethylaminopyridine (ca. 20 mg). After I hour at ambient temperature the 
reaction was quenched by the addition of 500 mL of saturated aqueous NaHCOs. The 

mixture was extracted with dichloromethane (200 mL x3), the organic layers were 
dried (Na2S04) and concentrated in vacuo, affording 5.109 g of a yellow solid. 

5 Purification by flash chromatography (20% ethyl acetate in dichloromethane) afforded 
the title compound as a white solid. iH NMR (CDCI3, 400 MHz) 8.69 (m, 2H), 7.35 

(s, 5H), 6.60 (s, IH), 5.17 (m, 2H), 4.60 (d, IH), 3.80 (dd. IH). 3.62 (dd, IH), 3.20 
(dt, IH), 3.01 (dd, IH), 2.32 (dt, IH), 2.14 (m, IH), 1.45 (s, 9H), 1.44 (s, 3H), 1.37 (s, 
3H). 

10 

SrepF 




H*NEt3 r 

To a solution of the intermediate from Step E (3.41 g, 5.63 nmiol) in 
methanol (100 mL) was added triethylamine (1.96 nJL, 14.1 mmol) and 10% Pd(0) on 
15 carbon (200 mg). The reaction vessel was charged with 1 atmosphere of H2 and 

stirred at ambient temperature. An additional 200 mg of 10% Pd(0) on carbon was 
added after 24, 48, 56 and 64 hours at ambient temperature. The reaction was then 
filtered through celite and concentrated in vacuo affording the title compound as a 
white solid. iR NMR (CDCI3, 400 MHz) 9.65 (s, 2H), 8.79 (s, IH), 8.40 (d, IH), 

20 7.35 (d, IH), 6.59 (s, IH), 4.43 (d, IH), 3.75 (m, 2H), 3.30 (m, IH) 3.08 (q, 12 H), 
2.85 (m, IH), 2.20 (m, IH), 2.03 (m, IH), L55 (t, 18 H), 1.40 (s, 15H). 

StepG 
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F 



To a solution of the intermediate from Step F (200 mg, 0.278 mmol) in 
dichloromethane (3 mL) was added triethylamine (1 16 p.L, 0.834 mmol), 
5 trifluoroethylaniine (33.2 (iL, 0.420 mmol), HOAT (41.6 mg, 0.306 mmol) and EDC 
(58.6 mg, 0.306 mmol). After 12 hours at ambient temperature the solution was 
concentrated by rotary evaporator and purified by flash chromatography (30% 
dichloromethane in ethyl acetate) to afford the title compound as a clear oil. iH NMR 
(CDCI3, 400 MHz) 8,86 (s, IH), 8.46 (d, IH). 7.46 (s, IH). 7.37 (d, IH), 6.61 (s, IH), 

10 4.67 (s, IH), 3.98 (m, 3H), 3.51 (d, IH), 3.02 (m, IH), 2.91 (d, IH), 2.30 (dd. IH), 
2.20 (t, IH), 1.50 (s, 6H), 1.38 (s, 9H). HPLC-MS (ES) 471.4 (M+1). 

StepH 




F 
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To a solution of the inteimediate from Step G (135 mg, 0.278 mmol) in 
dichloromethane (5 mL) was added trifluoroacetic acid (2.5 mL). After 3 hours at 
ambient temperature, the reaction was quenched by the addition of saturated aqueous 
NaHC03 (20 mL). The mixture was extracted with dichloromethane (20 mL x 2) and 

5 concentrated in vacuo, affording the title compound as a colorless oil. This was used 
without further purification. 

Step I 



10 




To a solution of 4-chromanone (10 g, 67.49 mmol) in 400 mL 
dichloromethane at 0 OC was added bromine (4.45 mL, 86.39 mmol) dropwise slowly. 
The reaction was monitored by TLC. After half an hour the reaction mixture was 
diluted with methylene chloride (100 mL) and was washed with water (300 mL). The 

15 organic layer was dried over anhydrous sodium sulfate and concentrated. The 
resulting product was dissolved in HOAc (100 mL) and sodium sulfite (8 g) was 
added. The reaction mixture was stirred at room temperature and reaction progress 
was monitored by TLC. After 48 hours the reaction mixture was poured into water 
and the product was extracted with methylene chloride. The organic layer was dried 

20 over anhydrous sodium sulfate and concentrated in vacuo to give the titled compound 
as a white solid. iR NMR (CDCI3. 400 MHz): 7.93 (d, J = 8.8 Hz, IH), 7.54 (t, IH), 

7,08 (t, IPI), 7.02 (d, J = 8.0 Hz, IH), 4.63 (m, 4H) 
Step J 



25 
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To a solution of 3-bromo-4-chromanone (2 g, 8.81 mmol) in methanol 
(20 mL) was added sodium borohydride (0.4 g, 10.57 mmol). The reaction was 
stirred at room temperature and monitored by TLC. After 2 hours the solvent was 
removed in vacuo and then diluted with ethyl acetate (50 mL). The resulting solution 
5 was washed with brine, dried over anhydrous sodium sulfate, filtered and 
concentrated in vacuo to give the titled compound as a white solid. NMR 
(CDCI3, 300 MHz): 7.32 (d, J = 12 Hz, IH), 7.23 (t, IH), 6.96 (t, IH), 6,84 (d, J = 
9.0 Hz, IH), 4.82 (m, IH), 4.54 (m, IH), 4.38 (m, 2H). 

10 StepK 




To a solution of 3-bromo-4-chromanol (2 g, 8.72 mmol) in acetonitrile 
(20 mL) was added concentrated sulfuric acid (1 mL, 17.47 mmol). The reaction 

15 mixture was stirred at 45 oC ~ 50 oc for 18 hours. The solvent was removed in 

vacuo. Then water ( 10 mL) was added. The reaction mixture was heated to reflux. 
After 5 hours the reaction mixture was cooled to room temperature. The pH of the 
reaction mixture was adjusted to 12-13 by dropwise addition of aqueous 50% sodium 
hydroxide. The product was extracted with tetrahydrofuran three times. The organic 

20 layer were combined and dried over anhydrous sodium sulfate, filtered and 

concentrated in vacuo to give the title compound as a white solid. iH NMR (CDCI3, 
300 MHz): 7.29 (d, J = 7.8 Hz, IH), 7.16 (t, IH), 6.93, (t, IH), 6.83 (d, J = 8.4 Hz, 
IH), 4.12 (m, IH), 3.99 (m, 2H), 3.84 (m, IH). 



25 Step L 
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To a suspension of the racemic 4-amino-3-chromanol in ethanol (35 
mL per gram of 4-amino-3-chronianol) was added LO equivalent of (S)-(+) mandelic 
acid. The suspension was heated to 70 OC until fomning a homogeneous solution. 
5 The solution was cooled to room temperature and white crystal was formed. After 
filtering the white crystal was dissolved in 3 N aqueous sodium hydroxide solution 
and the resolved product was extracted with ethyl acetate three times. The combined 
organic layer was dried over anhydrous sodium sulfate, filtered and concentrated in 
vacuo to give the titled compound as a white solid. The purity of the compound was 
10 verified by chiral HPLC with Crownpak CR+ column eluted with pH 1.0 perchloric 
acid solution. iH NMR (CDCI3. 300 MHz): 7.29 (d, J = 7.8 Hz, IH), 7.16 (t, IH), 

6.93, (t, IH), 6.83 (d, J = 8.4 Hz, IH). 4.12 (m, IH), 3.99 (m, 2H), 3.84 (m, IH). 
StepM 

15 




To a solution of the intermediate from Step L (5.97 g, 36.2 mmol) in 
THF (200 mL) was added hydrocinnamic acid (5.43 g, 36.2 nmiol). The suspension 
was cooled to 0 oc, and HOBT (5.23 g, 39.8 mmol) was added, followed by EDC 
20 (7.63 g, 39.8 mmol), and triethylamine (15.1 mL, 108 mmol). The mixture was 
warmed to ambient temperature and stirred 72 hours. The reaction mixture was 
poured onto 500 mL of 1 .5 N aqueous HCl, and diluted with 200 mL of ethyl acetate. 
The organic layer was washed with an additional 200 mL of 1.5 N aqueous HCI, 
saturated aqueous NaHCOs (200 mL). and brine (200 mL), dried (MgS04), and 

25 concentrated in vacuo affording 16.0 g of a white solid. This material was dissolved 
in 400 mL of a 1 :1 mixture of THF and 2,2-dimethoxypropane. To this solution was 
added 100 mg of p-toluenesulfonic acid, and the reaction was heated to reflux for 6 
hours. The reaction was then cooled to ambient temperature and quenched by the 
addition of saturated aqueous NaHC03 (400 mL). The resulting mixture was 

30 extracted with ethyl acetate (400 mL x2). The organic layers were washed with brine 

- 116- 



wo 01/38332 



PCT/USOO/32089 



(200 mL), dried (MgS04), and concentrated in vacuo, affording 12.3 g of a yellow oil. 
Purification by flash chromatography (30% ethyl acetate in hexane) afforded the title 
compound as a white solid. iH NMR (CDCI3, 300 MHz) 7.25 (m, 7H), 6.82 (m, 2H), 
4.70 (d. IH), 4.33 (m, IH), 4.08 (d, IH), 3.92 (s, IH), 3.11 (m, 2H), 2.92 (m, IH), 
5 2,68 (m, IH), 1 .61 (s, 3H), 1.23 (s, 3H). 

StepN 




To a solution of the intermediate from Step N (6.36 g, 18.9 mmol) in 
THF (180 mL) was added allyl bromide (1.80 mL, 18.9 mmol). The solution was 
cooled to 22 oc, and lithium hexamethyldisilylazide (20.8 mL of a 1.0 N solution in 
THF, 20.8 mmol) was added. After 10 min the reaction was quenched by the addition 
15 of saturated aqueous NH4CI (100 mL), and extracted with ethyl acetate (200 mL x2). 
The organic layers were washed with saturated aqueous NaHCOs (200 mL), brine 
(200 mL), dried (MgS04), and concentrated in vacuo. The resulting oil was purified 

by flash chromatography (25% ethyl acetate in hexane) affording the title compound 
as a white gum. 1h NMR (CDCI3, 300 MHz) indicated a 5:1 mixture of rotamers: 
20 7.30 (m, 5H), 7.05 (m, IH). 6.80 (m, IH), 6.4 (m, IH), 5.85 (m, IH), 5.15 (m, IH), 
4.98 (m, IH), 4.40 (m, IH), 4.25 (m, 2H), 3.38 (dd, IH), 3.19 (m, IH), 2.80 (m, IH), 
2.42 (m, IH), 1.70 (s, 3H), 1.23 (s, 3H). 

StepO 
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To a solution of the intermediate from Step N (6.10 g» 16.2 mmol) in 
200 mL of ethyl acetate was added 200 mL of 0.5 aqueous NaHCOs. The mixture 

5 was cooled to 0 OC, and JV-iodosuccinimide was added in a single portion. The 

reaction was warmed to ambient temperature and stirred 24 hr. The reaction was then 
diluted with ethyl acetate (500 mL). The organic layer was washed with IN Na2S203 
(300 mL x2), and brine (300 mL), dried (MgS04), and concentrated in vacuo, 

affording a yellow oil. Purification by flash chromatography (30% ethyl acetate in 
10 hexane) afforded the title compound as a white solid. iH NMR (CDCI3, 300 MHz) 

indicated a 5:2 mixture of rotamers: 7.30 (m, 5H), 7.05 (m, IH), 6.82 (m, IH), 6.60 
(m, IH), 5.92 (d. 0.3H), 5.58 (d, 0.7H), 4.45 (m, 2H), 4.20 (m, 2H), 3.63 (m, IH), 
3.44 (m, 2H), 3.20 (m, 2H), 2.82 (m, 2H), 2.40 (d, IH), 2.00 (m, IH), L72 (s, 3H), 
1.49 (d, 2H), 1.29 (s, 3H). 

15 

StepP 




To a solution of the intermediate from Step O (7.71 g, 14.8 mmol) in 
ethyl acetate (300 mL) was added sodium methoxide (5.07 mL of a 25% solution in 
20 methanol, 22.2 mmol). After 10 minutes the reaction was quenched by the addition of 
saturated aqueous NaHC03 (300 mL). The organic layer was washed with brine (300 
mL), dried (MgS04), and concentrated in vacuo affording the title compound as a 
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white gum. This was used without further purification. iH ^^MR (CDCI3, 300 MHz) 
indicated a 5:2 mixture of rotamers: 730 (m, 5H), 7.10 (m, IH), 6.82 (m, IH), 6.50 
(m, IH), 5.89 (d, 0.3H), 5.40 (d, 0.7HX 4.40 (m, 2H), 4.15 (m, 2H), 3.40 (m, 2H), 
3.00 (m, IH), 2.85 (m, 2H), 2.50 (dd, 0.7H), 2.40 (dd, 0.3H), 2.20 (m, IH), 1.72 (s, 
5 3H), 1 .49 (d, IH), 1 .29 (s, 3H). 

StepQ 




10 To a solution of the intermediate from Step P (1.34 g, 3.41 mmol) in 2- 

propanol (30 mL) was added the intermediate from Step H (1.15 g, 3.10 nmiol). The 
solution was heated to reflux for 7 hr, then cooled to ambient temperature and 
concentrated in vacuo, affording 2.82 g of a black oil. Purification by flash 
chromatography (5% methanol in ethyl acetate) afforded the title compound as a 

15 yellow solid. iH NMR (CDCI3, 400 MHz) indicated a 4: 1 mixture of rotamers: 9.40 

(m, IH), 8.90 (s, IH), 8,55 (d, IH), 7.30 (m, 6H), 7.10 (m, IH), 6.81 (d, IH), 6.68 (m, 
4H), 5.90 (d, 0.3H), 5.69 (d, 0.7H), 4.43 (dd, 2H), 4.30 (m, 2H), 3.73 (m, 2H), 3.50 
(m, 2H), 3.40 (m, 2H), 3.10 (m, 2H), 2.83 (m, 2H), 2.60 (m, 4H), 1.70 (s. 3H), 1.55 (s, 
6H), 1.25 (s, 3H). 

20 

StepR (oc/?,YS,25)-iV-((35.45)-3,4-dihydro-3-hydroxy-2i/-l-benzopyran-4-yl)- 
4-( 1 -f uro[3 ,2-c]pyridin-2-yl- 1 -methylethyl)-Y-hydroxy-a- 
(phenylmethyI)-2-([(2,2,2-trifluoroethyl)amino]carbonyl]-l- 
piperazinepentanamide piperazinepentanamide 

25 

The intermediate from Step O (558 mg, 0.731 mmol) was dissolved in 
methanol saturated with gaseous HCl (40 mL). After stirring 12 hours at ambient 
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temperature the reaction was quenched by the addition of saturated aqueous NaHCOs 

(200 mL). The resulting mixture was extracted with dichloromethane (50 mL x4). 
The organic layers were dried (Na2S04) and concentrated in vacuo affording 518 mg 

of a yellow solid. Purification by flash chromatography afforded the title compound 
5 as a white solid. iH NMR (CDCI3. 400 MHz) 9.42 (t, J = 4.8 Hz, IH), 8.90 (s, IH), 

8.52 (d, J = 6.0 Hz, IH), 7.37 (d. / = 5.6 Hz, IH), 7.30 (m, 5H), 7.11 (t, 7 = 8.4 Hz, 
IH), 7.06 (d, J = 7.6 Hz. IH), 6.78 (m, 2H), 6.67 (s, IH). 5.91 (d, J = 8.4 Hz, IH), 
5.15 (dd, J = 4.0 Hz, IH), 4.27 (m, IH), 4.06 (d, / = 10.4 Hz. IH), 4.00 (dd, J = 4.8 
Hz, 7= 11.6 Hz. IH). 3.76 (m. 3H),3.46(s, IH), 3.37 (s, 1H),3.11 (d, 7=11.6 Hz, 
10 IH), 2.85 (m, 4H), 2.70 (m. 4H). 2.44 (m. 2H). 2.10 (d, 7= 5.2 Hz. IH). 1.90 (t,7 = 
11.2 Hz. IH). 1.57 (s, 8H); HPLC-MS (ES) 724.6 (M+1). 

EXAMPLE 2 

(aR.Y5,25)-iV-((35,4S)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-2-[[(2- 
15 fIuoroethyl)amino]carbonyl]-4-(l-furot3,2-c]pyridin-2-yl-l-methylethyl)-Y-hydroxy- 
a-(phenvlmethvl)-l-piperazinepentan amide 




F 



Step A 




20 



F 
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The title compound was obtained following the procedure described in 
Example 1, Step G, starting with the intermediate prepared as in Example 1, Step F 
(394 mg, 0.548 mmol) and 2-fluoroethylamine hydrochloride (70.9 mg, 0.712 mmol). 
5 Purification by flash chromatography (ethyl acetate) afforded the title compound as a 
clear oil. iH NMR (CDCI3, 400 MHz) 8.85 (s, IH), 8.45 (d, IH), 7.40 (d, IH), 6.80 

(s, IH), 4.65 (m, 2H), 4.50 (m, IH), 4.00 (s, IH), 3.60 (m, 4H), 3.07 (m, IH), 2.92 (d, 
IH), 2.25 (dd, IH), 2.20 (m, IH), 1.55 (s, 6H), 1.43 (s, 9H); HPLG-MS (ES) 435.1 
(M+1). 

10 

StepB 




To a solution of the intermediate from Step A (220 mg, 0.507 mmol) in 
15 dichloromethane (5 mL) was added trifluoroacetic acid (2.5 mL). After 2 hours at 
ambient temperature the reaction was quenched by the addition of saturated aqueous 
NaHC03 (20 mL). The mixture was extracted with dichloromethane (20 mL x2) and 

concentrated in vacuo, affording the free piperazine as a white solid. This was used 
without further purification. 

20 

StepC 
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To a solution of the intermediate prepared in Step B (91.2 mg, 0.273 
mmol) in 2-propanol was added the intermediate from Example 1, Step P (107 mg, 
0.273 mg) as described in Example 1, Step Q. Purification by flash chromatography 
5 (2.5% methanol, 5% triethylamine in ethyl acetate) afforded the title compound. 
HPLC-MS (ES) 728.2 (M+1). 

Step D (a/?,YS,25)-Af-((35,45)-3,4-dihydro-3-hydroxy-2H- 1 -benzopyran-4-yl)- 

2-[[(2-fluoroethyl)amino]carbonyl]-4-(i-furo[3,2-c]pyTidin-2-yl-l- 
10 methvlethvl)-Y-hvdroxv-a-(phenvlmethvl)-l-piperazinepentanamide 

The title compound was obtained following the procedure described in 
Example 1, Step R, starting with the intermediate prepared in Example 2, Step C 
(52.2 mg, 71.8 jimol). Purification by preparative TLC (10% methanol in ethyl 
15 acetate) afforded the title compound as a white solid. iH NMR (CDCI3, 400 MHz) 

9.04 (s, IH), 8.89 (s, IH), 8.50 (d, / = 6.0 Hz, IH), 7.42 (d, 7= 6.0 Hz, IH), 7.27 (m. 
5H),7.10(m, 2H), 6.78 (d, 7 =8.0 Hz, IH), 6.66 (s, IH), 6.01 (d, 7 =8.0 Hz, IH), 
5.15 (dd, 7 = 11.6 Hz, 7 = 7,2 Hz, IH), 4.66 (m, IH), 4.55 (m, IH). 4,06 (d, 7 = 10.8 
Hz. IH), 3.99 (dd, 7 = 5.6 Hz. 7 = 12.0 Hz. IH), 3.77 (m. 2H), 3.55 (m, IH), 3.34 (s, 
20 IH), 3.06 (d. 7 = 1 1.2 Hz, IH), 2.90 (m, 4H), 2.70 (m, 2H), 2.47 (d. 7 = 1 1.2 Hz, 2H). 
1.90 (t. 7 = 6.8 Hz, IH). 1.72 (s, 3H), 1.57 (s, 3H); HPLC-MS (ES) 688.2 (M+1). 

EXAMPLE 3 

(a/?,Y5,25)-N-((35,45)-3,4-dihydro-3-hydroxy-2//-l-ben2ofuran-4-yl)-2-[[(2-fluoro- 
25 l,l-bis(fluoromethyl)ethyl]amino]carbonyl]-4~(l-furo[3,2-c]pyridin-2-yl-l- 

methvlethvl)-Y-hvdroxv-a-(phenvlmethvl)-l-piperazinepentanamide 
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Step A 



5 




The title compound was obtained following the procedure described in 
Example 1, Step G, starting with the intermediate prepared in example 1, Step F (388 
mg, 0.540 mmol) and 2-fluoro-l,l-bis-(fluoromethyl)-ethylamine hydrochloride 
10 (prepared as described in Ok, D.; Fisher, M. H.; Wyvratt, M. J.; Meinke, P. T.; 

Tetrahedron Lett 1999, 40, 3831-3834). (115 mg, 0.702 mmol). Purification by flash 
chromatography (ethyl acetate) afforded the title compound as a clear oil. iH NMR 
(CDCI3, 400 MHz) 8.88 (s, IH), 8.50 (d, IH), 7.40 (d, IH), 6.60 (s, IH), 4.85 (m, 

6H), 4.60 (m, IH), 4.00 (m, IH), 3.45 (m, IH), 3.10 (m, IH), 2.90 (m, IH), 2.37 (dd, 
15 IH), 2.20 (m, IH), 1.53 (s, 3H), 1.50 (s, 3H), 1.40 (s, 9H). 

StepB 
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The title compound was obtained following the procedure described in 
Example 2, Step B, starting with the intermediate prepared in Example 3, Step A (209 
5 mg, 0.419 mmol), affording the title compound as a clear oil. This was used without 
further purification. 



Example 1, Step Q, starting with the intermediate prepared in Example 3, Step B (158 
mg, 0.397 mmol) and the intermediate prepared in Example 1, Step P (156 mg, 0.397 
mmol). Purification by flash chromatography (5% methanol in ethyl acetate) afforded 
15 the title compound. iH NMR (CDC13, 400 MHz) indicated a 4: 1 mixture of 

rotamers: 9.20 (s, IH), 8.90 (s, IH), 8.53 (d, IH), 7.43 (d, IH), 7.39 (s, IH), 7.30 (m, 
5H), 7.22 (t, IH). 7.13 (t, IH), 6.82 (d. IH), 6.68 (m, 3H), 5.90 (d, 0.2H), 5.70 (d, 
0.8H), 4.93 (s, 3H), 4.80 (s, 3H), 4.42 (dd, 2H), 4.29 (d, IH), 4.18 (d, IH), 3.70 (t, 
IH), 3.45 (m. 3H), 3.20 (m, IH), 2.83 (m, 2H), 2.62 (m. 2H), 2.40 (m, 2H), 1.78 (t. 



StepC 




10 



The title compound was obtained following the procedure described in 
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IH). 1.70 (s, 3H). 1.59 (s, 3H), 1.55 (s. 3H), 1.24 (s, 3H); HPLC-MS (ES) 792.2 
(M+1). 

StepD (cx/?,Y5,2S)-iV-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzofuran-4-yl)- 
5 2-[[[2-fluoro-l ,l-bis(fluoromethyl)ethyl]amino]carbonyl]-4-(l- 

furo[3,2-c]pyridin-2-yl-l-niethylethyl)-Y-hydroxy-a-(phenylmethyl)-l- 

piperazinepentanamide 

The title compound was obtained following the procedure described in 
Example 1, Step R, starting with the intermediate prepared in Example 3, Step C 
10 (31 .6 mg, 40.0 nmol). Purification by preparative TLC (5% methanol in ethyl 

acetate) afforded the title compound as a white solid. iH NMR (CDCI3, 400 MHz) 
9.17 (s, IH), 8.90 (s, IH), 8.52 (d, /= 6.0 Hz, IH), 7.43 (d, / = 5.6 Hz, IH). 7.22 (m, 
5H), 7.10 (t, / = 8.0 Hz, IH). 7.04 (d, / = 7.6 Hz. IH), 6.79 (d. 7= 8.4 Hz, IH), 6.75 
(d, J = 8.0 Hz, IH), 6.67 (s, IH), 5.95 (m, IH), 5.15 (dd, J = 4.0 Hz, / = 7.6 Hz, IH), 
15 4.95 (s, 3H), 4.83 (s. 3H), 4.01 (m, 2H), 3.76 (m, IH), 3.26 (s, IH), 3.18 (d. 7= 11.2 
Hz, IH), 2.94 (m, 4H), 2.63 (m, 2H), 2.42 (m, 2H), 1.90 (t, 7 = 1 1 .2 Hz, IH). 1.59 (s, 
3H), 1.57 (s, 3H); HPLC-MS (ES) 752.2 (M+1). 



EXAMPLE 4 

20 (aR,Y5,25)-2-[[[l.l-bis(fluoromethyl)ethyl]amino]carbonyl]-iV-((3S,45)-3.4-dihydro- 
3-hydroxy-2»-l-benzopyran-4-yl)-4-(l-furo(3,2-c]pyridin-2-yl-l-methylethyl)-Y- 
hvdroxv-a-(phenvlmethvn-l-piperazineDentanamide 
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Step A 




F 



The title compound was obtained following the procedure described in 
5 Example 1, Step G, starting with the intermediate prepared in Example 1, Step F (394 
mg, 0.548 mmol) and 2-fluoro-l-(fluoromethyl)-l-methyI-ethylamine hydrochloride 
(prepared as described in Ok, D.; Fisher, M. H.; Wyvratt, M. J.; Meinke, P. T.; 
Tetrahedron Lett 1999, 40, 3831-3834) (1 17 mg, 0.713 mmol). Purification by flash 
chromatography (ethyl acetate) afforded the title compound as a white solid. iH 
10 NMR (CDCI3. 400 MHz) 8.86 (s, IH). 8.45 (d. IH). 7.40 (d, IH), 6.60 (s, IH), 4.60 

(m. 5H), 4.00 (s, IH). 3.45 (s, IH), 3.10 (t, IH). 2.90 (s. IH), 2.30 (dd, IH). 2.18 (t, 
IH). 1.81 (s. IH). 1.55 (s, 3H), 1.50 (s. 3H). 1.48 (s, 3H). 1.40 (s, 9H). 

StepB 



15 




The title compound was obtained following the procedure described in 
Example 2, Step B, starting with the intermediate prepared in Example 4, Step A (190 
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mg, 0396 mmol), affording the title compound as a colorless oil. This was used 
without further purification. 

StepC 



5 




The title compound was obtained following the procedure described in 
Example 1, Step Q, starting with the intermediate prepared in Example 4, Step B (146 
mg, 0,383 mmol), and the intermediate prepared in Example 1, Step P (151 mg, 0,383 
mmol). Purification by flash chromatography (5% methanol in ethyl acetate) afforded 
10 the title compound as a clear oil. iH NMR (CDCI3, 400 MHz) indicated a 5:1 

mixture of rotamers: 8.94 (s, IH), 8.89 (s, IH), 8.53 (d, IH), 7.42 (d, IH), 7.30 (m, 
5H), 7.20 (t, IH), 7.14 (t, IH), 6.80 (d, IH), 6.65 (m, 3H), 5.90 (d, 0.2H), 5.70 (d, 
0,7H), 4.75 (m, 3H), 4.64 (m, 3H), 4.43 (dd, IH), 4.30 (s, IH), 4.20 (d, IH), 3.70 (s, 
IH), 3.45 (m, 4H), 3.20 (m, 2H), 2.80 (m, 2H), 2.60 (m, 2H), 2.40 (d, IH), 1.68 (s, 
15 3H), 1.58 (s, 3H), 1.55 (s, 3H), 1.53 (s, 3H), 1.24 (s, 3H); HPLC-MS (ES) 774.2 
(M+1). 

Step D (oc/f,YS,2S)-2-[[[l,l-bis(fluoromethyl)ethyl]amino]carbonyl]-iV- 

((3S,4S)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4.yl)-4-(l-furo(3,2- 
20 c]pyridin-2-yl- 1 -methyiediyl)-Y-hydroxy-a-(phenyImethyl)-l - 

piperazinenentanamide 

The title compound was obtained following the procedure described in 
Example 1, Step R, starting with the intermediate prepared in Example 4, Step C 
(82,4 mg, 107 jimol). Purification by preparative TLC (5% methanol in ethyl acetate) 
25 afforded the title compound as a white solid. iH NMR (CDCI3, 400 MHz) 8.9 1 (s, 
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2H), 8.52 (d, J = 5.6 Hz, IH), 7.42 (d, J = 5.6 Hz, IH), 7.24 (m, 5H), 7.1 1 (t, 7 = 7.2 
Hz, IH). 7.06 (d. J = 7.6 Hz, IH), 6.77 (m, IH), 6.67 (s, IH), 5.93 (d, / = 8.4 Hz, IH), 
5.14 (dd, y = 7.2 Hz, IH), 4.75 (quint, 7= 9.2 Hz, 2H). 4.63 (quint. 7= 10.8 Hz. 2H). 
4.06 (d. 7=11.6 Hz. IH). 3.97 (dd. 7= 11.6 Hz, IH), 3.81 (s, IH). 3.75 (m. IH), 3.24 
5 (s, IH), 3.12 (d. 7 = 12.4 Hz, IH). 2.89 (m. 6H), 2.67 (m, 2H), 2.42 (m, IH), 1.90 (1, 7 
= 11.2 Hz, IH), 1.59 (s, 3H), 1.57 (s, 3H); HPLC-MS (ES) 734.2 (M+1). 

EXAMPLE 5 

(a/?,Y5,25)-//-((3S,4S)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl)-4-(l-furo[3,2- 
10 c]pyridin-2-yl-l-methylethyl)-Y-hydroxy-a-(phenylmethyl)-2-[[(3,3,3- 

trifluoropropvl)aniino1carbonvl1-l-piperazinepentanamide , 



Step A 




15 The title compound was obtained following the procedure described in 

Example 1, Step G, starting with the intermediate prepared in Example 1, Step F (400 
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mg, 0.556 mmol), and 3,3,3-trifluoropropylamine hydrochloride (109 mg, 0.729 
mmol). Purification by flash chromatography (25% hexane in ethyl acetate) afforded 
the title compound as a colorless oil. iH NMR (CDCI3, 400 MHz) 8.85 (s, IH). 8.46 
(d. IH), 7.37 (d, IH), 6.60 (s, IH), 4.59 (s, IH), 3.99 (s. IH), 3.59 (m, 3H), 2.90 (m, 
5 2H, 2.41 (m, 2H), 2.22 (dd, IH), 2.17 (m, IH), 1.53 (s, 3H), 1.51 (s, 3H), 1.44 (s, 9H); 
HPLC-MS (ES) 485.2 (M+1). 



StepB 




10 The title compound was obtained following the procedure described in 

Example 2, Step B, starting with the intermediate prepared in Example 5, Step A (266 
mg, 0.550 mmol). affording the title compound as a colorless oil. This was used 
without further purification. 

15 StepC 
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The title compound was obtained following the procedure described in 
Example 1, Step Q, starting with the intermediate prepared in Example 5, Step B (102 
mg, 0.266 mmol) and the intermediate prepared in Example 1, Step P (106 mg, 0.271 
mmol). Purification by flash chromatography afforded the title compound. HPLC- 
5 MS (ES) 778.3 (M+1). 



10 



15 



20 



25 



StepD (a]?.Y5,25)-N-((3S,4S)-3,4-dihydro-3-hydroxy-2f/-l-benzopyran-4-yl)- 
4-(l-furo[3,2-c]pyridin-2-yl-l-methylethyI)-Y-hydroxy-a- 
(phenylmethyl)-2-[[(3,3,3-trifluoropropyl)amino]carbonyl]-l- 

piperazinepentanamide 

The title compound was obtained following the procedure described in 

Example 1, Step R, starting with the intermediate prepared in Example 5, Step C. 

Purification by flash chromatography (5% methanol in ethyl acetate) afforded the title 

compound as a white solid. iR NMR (CDCI3, 500 MHz) 8.99 (s, IH), 8.88 (s, IH), 

8.50 (d, / = 5.5 Hz, IH), 7.37 (d, J = 5.7 Hz, IH), 7.28 (m, 2H), 7.21 (m, 2H), 7.08 (t, 
7= 8.0 Hz, 2H), 6.78 (d, J = 8.2 Hz, 2H), 6.65 (s, IH), 6.15 (d, J = 8.0 Hz, IH), 5.16 
(dd, 7 = 3.9 Hz, 7 = 7.8 Hz, IH), 3.99 (m, 2H), 3.78 (m, 3H), 3.40 (m. IH), 3.27 (t, 7 = 
2.9 Hz. IH), 2.95 (t, 7 = 10.3 Hz, 2H), 2.82 (m, 3H), 2.66 (m. 3H), 2.46 (m, 3H), 1 .87 
(t. 7 = 1 1 .0 Hz. IH), 1 .56 (s, 3H). 1 .53 (s, 3H); HPLC-MS (ES) 738.3 (M+1). 

EXAMPLE 6 

(a/?,Y5,25)-iV-((35,45)-3,4-dihydro-3-hydroxy-2//- 1 -benzopyran-4-yI)- 

4-(l-furo[3,2-c]pyridin-2-yl-l-methylethyl)-Y-hydroxy-2-[((2,2,3,3,3- 

pentafluoi-opropvl)amino1carbonvn-a-(phenvlmethvl)-l-piperazinepentanamide 




CF2CF3 



Step A 
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Me^ Me 



N 



N 




O k^N O Me 
£ T TMe 
^ O Me 
^ NH 

^CFgCFa 



The title compound was obtained following the procedure described in 
Example 1, Step G, starting with the intermediate prepared in Example 1, Step F (400 
5 mg, 0.556 mmol). and 2,2,3,3,3-pentafluoropropylamine (109 mg, 0.731 mmol). 
Purification by flash chromatography (25% hexane in ethyl acetate) afforded the title 
compound as a colorless oil. HPLC-MS (ES) 521.2 (M+1). 




The title compound was obtained following the procedure described in 
Example 2, Step B, starting with the intermediate prepared in Example 6, Step A (275 
mg, 0.533 mmol), affording the title compound as a colorless oil. This was used 
15 without further purification. HPLC-MS (ES) 421.1 (M+1). 

StepC 
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O 



The title compound was obtained following the procedure described in 



Example I, Step Q, starting with the intermediate prepared in Example 6, Step B 
5 (94.6 mg, 0.225 nmiol) and the intermediate prepared in Example 1, Step P (91.0 mg, 
0.231 mmol). Purification by flash chromatography (3% methanol in ethyl acetate) 
afforded the title compound. HPLC-MS (ES) 814.3 (M+1). 



Example 1, Step R, starting with the intermediate prepared in Example 6, Step C 
15 (37.9 mg, 46.6 jimol). Purification by flash chromatography (5% methanol in ethyl 
acetate) afforded 19.4 mg (54%) of the title compound as a white solid. NMR 
(CDCI3, 500 MHz) 9.28 (s, IH), 8.94 (s, IH), 8.53 (s, IH), 7.41 (d, J = 5.3 Hz, IH), 

7.28 (m, 2H), 7.23 (m, 2H), 7.10 (t, J = 7.3 Hz, IH), 7.06 (d, J = 7.8 Hz, IH), 6.78 (d, 
J = 7.5 Hz, 2H), 6.71 (s, IH). 6.10 (d. J = 8.2 Hz, IH). 5. 15 (t, 7 = 3.7 Hz, IH), 4.38 
20 (m, IH), 4.04 (m, 2H), 3.80 (m, 3H), 3.42 (s, IH), 3.07 (d, 7=11.2 Hz, IH), 2.79 (m, 
13H). 2.46 (t, J= 13.5 Hz, 2H), 1.91 (t, J= 11.6 Hz, IH), 1.58 (s. 3H), 1.57 (s, 3H); 
HPLC-MS (ES) 774.3 (M+1). 

EXAMPLE 7 

25 (oc/?,Y5,25)-Ar-((35,45)-3,4-dihydro-3-hydroxy-2«4-benzopyran-4-yl)-24[(2-fluoro- 
l,l-dimethylethyl)amino]carbonyl]-4-(l-furo[3,2-c]pyridin-2-yl-l-methylethyl)-Y- 
hvdroxv-a-(phenvlmethvl)-l-piperazinepentanamide 



10 



StepD 



(a/?,YS,2S)-7V-((35,4S)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)- 
4-(l-furo[3,2-c]pyridin-2-yl-l-methylethyl)-Y-hydroxy-2-[[(2,2.3.3,3- 
pentafluoropropyl)amino]carbonyl]-a-(phenylmethyl)-l- 
piperazinepentanamidc 



The title compound was obtained following the procedure described in 
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Step A 



5 




The title compound was obtained following the procedure described in 
Example 1, Step G, starting with the intermediate prepared in Example 1, Step F (400 
mg, 0,556 mmol) and l,l-dimethyl-2-fluoroethylamine hydrochloride (prepared as 
10 described in Ok, D.; Fisher, M. H.; Wyvratt, M. J.; Meinke, R T.; Tetrahedron Lett 
1999, 40, 3831-3834) (93.3 mg, 0.731 mmol). Purification by flash chromatography 
(25% hexane in ethyl acetate) afforded the title compound as a colorless oil. HPLC- 
MS (ES) 463.3 (M+1). 

15 Step B 
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The title compound was obtained following the procedure described in 
Example 2, Step B, starting with the intermediate prepared in Example 7, Step A (245 
mg, 0.530 mmol), affording the title compound as a clear oil. This was used without 
further purification. PiPLC-MS (ES) 363.2 (M+1). 




The title compound was obtained following the procedure described in 
10 Example 1, Step Q» starting with the intermediate prepared in Example 7, Step B 

(15.0 mg, 0.041 mmol) and the intermediate prepared in Example 1. Step P (24.3 mg, 
0.062 mmol). Purification by preparative TLC (4% methanol in ethyl acetate) 
afforded the title compound as a white solid. HPLC-MS (ES) 756.4 (M+1). 

15 StepD (a/?,Y5,25)-iV-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)- 
2-[[(2-fluoro-l,l-dimethylethyl)amino]carbonyl]-4-(l-furo[3,2- 
c1pvridin-2-vl-l-methvlethvl)-Y- hvdroxv-a-(phenvlmethvl)-l- 

piperazinepentanamide 

The title compound was obtained following the procedure described in 
20 Example 1, Step R, starting with the intermediate prepared in Example 7, Step C 
(17.0 mg, 0.022 mmol). Purification by preparative TLC (chromatotron, 5-10% 
methanol in ethyl acetate) afforded the title compound as a white solid. iH NMR 
(CDCI3. 500 MHz) 8.89 (s, IH), 8.63 (s. IH), 8.49 (d, J = 5.7 Hz), 7.39 (d, / = 5.7 

Hz, IH), 7.29 (m, 2H), 7.23 m (m, 2H), 7.07 (m, 2H), 6.78 (m, 2H), 6.66 (s, IH), 6.07 
25 (d, 7= 8.0 Hz, IH), 5.18 (m, IH), 4.64 (d, IH). 4.54 (d, J = 3.4 Hz, IH), 4.45 (d, IH), 
4.04 (d, IH), 3.99 (dd, J = 5.0 Hz, IH), 3.82 (m, IH), 3.75 (t, IH), 3.21 (s, IH), 3.08 
(d, IH). 2.95 (m, 2H), 2.80 m, 2H), 2.66 (m, 2H), 2.46 (m, 2H), 1.88 (t. IH), 1.58 (s, 
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3H), 1.56 (s, 3H), 1.48 (s, 3H), 1.47 (s, 3H), 1.40 (t, IH); HPLC-MS (ES) 716.3 
(M+1). 

EXAMPLE 8 

5 (cx/?,Y5,25)-A^-((15,2/?)-l,2-dihydro-2-hydroxy-l/y-inden-l-yl)^^^ 

c]pyridin-2-yl-l-methylethyl)-Y-hydroxy-a-(phenylmethy])-2-[[(2,2,2- 
trifluoroethvDaminolcarbonvlVl-piperazincpentanamide 



10 

Step A 




The title compound was obtained following the procedure described in 
15 Example 1, Step Q, starting with the intermediate prepared in Example 1, Step H 
(99.1 mg, 0.268 mmol) and the corresponding aminoindanyl epoxide (prepared as 
described in MaJigres, P.E.; Weissman. S. A,; Upadhyaya, V.; Cianciosi. S. J.; 
Reamer, R.A.; Purick, R. M.; Sager, J.; Rossen, K.; Eng, K. K.; Askin. D.; Volante, R 
P.; Reider, P. J.; Tetrahedron, 1996, 52, 3327-3338) (50.0 mg, 0.132 mmol). 



-135- 



wo 01/38332 PCT/USOO/32089 



Purification by flash chromatography (5% methanol in ethyl acetate) afforded the title 
compound as a clear oil. iH NMR (CDCI3, 400 MHz) 9.37 (t, IH), 8.86 (s, IH), 8.52 

(d, IH), 7.40 (d, IH), 7.32 (m, 5H), 7.20 (m. 2H). 6.95 (t, IH), 6.63 (s, IH), 6.40 (d, 
IH), 5.93 (d, IH), 4.78 (s, IH), 4.25 (m, IH), 3.75 (m. 2H), 3.40 (m. 3H), 3.04 (s, 
5 3H), 2.80 (m, 2H), 2.64 (m, 3H), 2.45 (m, IH), 2.38 (m, IH), 1.80 (m, IH), 1.62 (s, 
3H), 1.58 (s, 6H), 1.37 (s, 3H). 

StepB (a/?,YS,25)-Ar-((15,2/?)-1.2-dihydro-2-hydroxy-l//-inden-l-yl)-4-(l- 

furo[3,2-c]pyridin-2-yI-l-methylethyl)-Y-hydroxy-a-(phenylmethyl)-2- 
10 frf2.2.2-trifluoroethvl)ainino1carbonyll-l-piperazinepentanamide 



The title compound was obtained following the procedure described in 

Example 1 , Step R, starting with the intermediate prepared in Example 8, Step A 
(50.5 mg, 67.6 jimol). Purification by flash chromatography (5% methanol in ethyl 
15 acetate) afforded the title compound as a white solid. iH NMR (CDCI3, 400 MHz) 

9.34 (t, J = 6.4 Hz, IH), 8.87 (s, IH), 8.48 (d, J = 6.0 Hz, IH), 7.36 (d, J = 5.6 Hz, 
IH), 7.30 (m, 2H), 7.23 (m, 2H), 7.16 (d, J = 3.2 Hz, IH). 7.07 (d, /= 5.2 Hz, IH), 
6.65 (s, IH). 6.13 (d, J = 8.8 Hz, IH), 5.27 (dd, 7 = 4.4 Hz, 7 = 8.4 Hz, IH), 4.27 (m, 
' 2H), 3.75 (m. 3H), 3.34 (s, IH), 3.03 (m, 2H), 2.99 (m, 2H), 2.88 (m, 2H), 2.80 (m, 
20 3H), 2.60 (m, 2H), 1 .93 (t, 7 = 1 1 .2 Hz, IH), 1.54 (s, 7H); HPLC-MS (ES) 708.4 
(M+1). 



EXAMPLE 9 

((X/?,Y5,25)-N-((15,2/?)-l,2-dihydro-2-hydroxy-l//-inden-l-yl)-2-[[(2- 
25 fluoroethyl)amino]carbonyl]-4-[l-furo[3,2-c]pyridin-2-yl-l-methylethyl)-Y-hydroxy- 
g-fphenvlmethvn-l-piperazinepentanamide 
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CHgF 



Step A 




10 



15 



The title compound was obtained following the procedure described in 
Example 1, Step Q, starting with the intermediate prepared in Example 2, Step B 
(69.8 mg, 0.209 mmol) and the epoxide intermediate employed in Example 8, Step A 
(78.8 mg, 0.209 mmol). Purification by flash chromatography (2.5% methanol, 5% 
triethylamine in ethyl acetate) afforded the tide compound as a colorless oil 1 H 
NMR (CDCI3. 400 MHz) 9.0 (s. IH), 8.86 (s. IH), 8.50 (d. IH). 7.42 (s, IH), 7.30 
(m, 5H), 7.20 (m, 2H). 6.95 (t, IH), 6.62 (s. IH), 6.40 (d, IH), 5.93 (d, IH). 4.78 (s, 
IH), 4.68 (m, IH), 4.50 (m, IH), 3.80 (m. 2H), 3.60 (s, IH). 3.43 (m, 2H), 3.30 (s. 
IH), 3.05 (s. 2H), 2.80 (m. IH), 2.62 (m, 3H), 2.40 (m, 2H), 1.76 (m. IH), 1.64 (s. 
3H), 1.57 (s, 7H), 1.32 (s, 3H); HPLC-MS (ES) 712.3 (M+1). 



StepB 



20 



(cx;?,Y5,25)-/V-((15,2/?)-l,2-dihydro-2-hydroxy-lf/-inden-l-yl)-2-[[(2- 

fluoroethyI)amino]carbonyl]-4-[l-furo[3,2-c]pyridin-2-yl-l- 

methylethYl)-Y-hydroxv-a-(nhenvlmethvn-l - piDerazinep entanamiHP 
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The title compound was obtained following the procedure described in 
Example I, Step R, starting with the intermediate prepared in Example 9, Step A 
(54.1 mg, 76.1 nmol). Purification by preparative TLC (10% methanol in ethyl 
acetate) afforded the title compound as a white solid. iH NMR (CDCI3, 400 MHz) 

5 9.00 (s, IH), 8.89 (s, IH), 8.50 (d, / = 5.6 Hz, IH), 7.42 (d, J = 5.6 Hz, IH), 7.30 (m, 
5H), 7.18 (s, IH), 7.09 (s, IH), 6.66 (s. IH), 5.95 (d, J = 8.4 Hz, IH) 5.28 (dd. J = 4.8 
Hz, J= 8.8 Hz. IH), 4.66 (m, IH), 4.54 (m, IH), 4.28 (t, IH). 3.80 (m, 2H), 3.71 (m, 
IH). 3.61 (m, IH), 3.56 (m, IH), 3.36 (s, IH, 3.04 (m, 2H). 2.84 (m. 4H). 2.71 (m. 
2H), 2.48 (d, J = 10.0 Hz, IH) 1.94 (t, 7= 1 1.2 Hz, IH). 1.57 (s, 8H); HPLC-MS (ES) 
10 672.3 (M+1). 



EXAMPLE 10 

((xR,Y5,25)-/V-((15,2/?)-l,2-dihydro-2-hydroxy-l//-inden-l-yl)-4-(l-furo[3,2- 
c]pyridin-2-yl-l-methylethyl)-Y-hydroxy-a-(phenylmethyl)-2-[[(3,3,3- 
15 trifluoropropvl)amino1carbonvl1-l-piperazinepentanamide 
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The title compound was obtained following the procedure described i 
Example 1, Step Q, starting with the intermediate prepared in Example 5, Step B 
(93.8 mg, 0.244 ramol) and the epoxide employed in Example 8, Step A (92.2 mg, 
0.244 mmol). Purification by Hash chromatography affotxied the title compound. 
HPLC-MS (ES) 762.3 (M+1). 



StepB (a«,Y5,25)-Ar-((15,2/?)-l,2-dihydro-2-hydroxy-l//-inden-l-yl)-4-(l- 

furo[3,2-c]pyridin-2-yl-I-methylethyl)-Y-hydroxy-a-(phenylmethyI)-2- 
fr(3.3,3-trifluoroDropvnamino1carhnn Yl1-l-pip era7.i nepentanamidp, 

The title compound was obtained following the procedure described in 
Example 1, Step R, starting with the intermediate prepared in Example 10, Step A. 
Purification by flash chromatography (5% methanol in ethyl acetate) afforded the title 

15 compound as a white solid. iH NMR (CDCI3, 500 MHz) 8.95 (s, IH), 8.88 (s. IH), 
8.49 (d, J = 5.7 Hz, IH). 7.37 (d. J = 5.7 Hz, IH), 7.30 (m, 4H). 7.17 (d. J = 2.3 Hz, 
IH), 7.09 (d. /= 2.6 Hz, IH), 6.64 (s, IH), 6.10 (d, /= 8.5 Hz. IH), 5.27 (dd, 7 = 4.8 
Hz, 7 = 8.5 Hz, IH), 4.28 (l, J = 4.8 Hz, IH), 3.76 (m, 2H), 3.41 (m. IH), 3.28 (t, /= 
2.9 Hz, IH), 3.04 (dd, 7 = 5.3 Hz, 7 = 16.7 Hz, IH), 2.89 (m. 3H), 2.79 (m, 3H), 2.67 

20 (m, 3H), 2.46 (m, 3H), 1.93 (t, 2H), 1.55 (s, 3H), 1.53 (s. 3H); HPLC-MS (ES) 722 2 
(M+1). 



EXAMPLE 11 

(cc«,Y5,25)-A^-((lS.2/f)-l,2-dihydro-2-hydroxy-l//-inden-l-yl)-4-(l-furo[3.2- 
25 c]pyridin-2-yI-l -methylethyl)-Y-hydroxy-2-[[(2,2,3,3,3- 
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pentafluoropropvnamino1carbonvn-a--fphenvlmethvl)-l-piperazinepentanamide 



Step A 



5 




The title compound was obtained following the procedure described in 
Example 1, Step Q, starting with the intermediate prepared in Example 6, Step B (104 
mg, 0.248 mmol) and the epoxide intermediate used in Example 8, Step A (94.0 mg, 
10 0.249 mmol). Purification by flash chromatography (3% methanol in ethyl acetate) 
afforded the title compound as a white solid. HPLC-MS (ES) 798.4 (M+1). 

Step B (a«,Y5,25)-A/'-((15,2/?).l .2-dihydro-2-hydroxy-lf/-inden.l-yl)-4-(l- 

furo[3,2-c]pyridin-2-yl-l-methylethyl)-Y-hydroxy-2-[[(2,2,3,33- 
15 pentafluoropropyl)amino]carbonyl]-a-(phenylmethyl)-l- 

piperazinepentanamide 
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The title compound was obtained following the procedure described in 
Example 1, Step R, starting with the intermediate prepared in Example 11, Step A 
(42.8 mg, 0.0537 mmol). Purification by flash chromatography (3% methanol in ethyl 
acetate) afforded the title compound as a white solid. iH NMR (CDCI3, 500 MHz) 
5 9.30 (s, IH), 8.90 (s, IH), 8.51 (d, 7 = 4,5 Hz. IH), 7.37 (d, J = 5.0 Hz. IH). 7.27 (m. 
2H), 7.23 (m, 3H), 7.23 (s, 2H), 7.17 (s, 2H), 6.67 (s, IH), 6.08 (d, J = 8.2 Hz, IH). ' 
5.27 (m, IH), 4.35 (m, IH). 4.27 (s, IH), 3.79 (m, 2H), 3.39 (s. IH). 3.05 (m, 2H), ' 
2.91 (m. 2H), 2.71 (m. 3H), 2.69 (m, 3H), 2.49 (m, 2H), 1.933 (t. IH). HPLC-MS 
(ES) 758.4 (M+1). 

EXAMPLE 12 

(aR,YWS)-4-(2-benzofijranyImethyl)-A^-((3S,45)-3.4-dihydro-3-hydroxy-2//-l. 
benzopyran-4-yl)-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2- 

trifluoroeth vnaminolcarbonvn-l-Diperazinep entanamirift 



15 

Step A 




To a solution of l,4-piperazine-2-(5)-carboxylic acid [bis(+)-CSA salt 
(30.0 g. 50.0 mmol) in 600 mL THF was added IN aqueous NaOH until die resulting 
20 solution was pH 9 (150 mL). The solution was cooled to 0 OC. and BOC-ON (12.3 g, 
50.0) was added. The resulting solution was warmed to ambient temperature over 5 
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hours, then cooled again to 0 oc. Allyl chloroformate (5.31 mL, 50.0 mmol) was 
added via syringe, followed by an additional 60 mL of IN aqueous NaOH. The 
solution was warmed to ambient temperature overnight, then concentrated to 
minimum volume by rotary evaporator. The resulting mixture was acidified to pH 1 
5 with IN aqueous HCl, and extracted with ethyl acetate (400 mL x 2). The organic 
layers were washed with brine (200 mL) dried (MgS04) and concentrated in vacuOy 

affording 23.7 g of a yellow oil. This material was dissolved in 750 mL of 
dichloromethane, followed by the addition of triethylamine (35.0 mL, 250 mmol), 
trifluoroethylamine (9.95 mL, 125 mmol), HOAT (10.2 g, 75.0 mmol), and EDC 
10 (14.4 g, 75.0 mmol). After 22 hours at ambient temperature the reaction mixture was 
quenched by the addition of saturated aqueous NaHCOs (500 mL). The organic layer 
was washed with an additional 500 mL of saturated aqueous NaHCOs, then IN 
aqueous NaHS04 (500 mL), and additional saturated aqueous NaHCOs (500 mL). 
The organic layer was dried (Na2S04) and concentrated in vacuo. Purification by 

15 flash chromatography (40% ethyl acetate in hexane) afforded the title compound as a 
white solid. iH NMR (CDCI3, 400 MHz) 5.95 (m, IH), 5.35 (d, IH), 5.28 (d, IH), 

4.75 (s, IH), 4.68 (d, IH), 4.53 (d, IH), 3.90 (m, 3H), 3.20 (dd, IH), 3.00 (m, IH), 
1.45 (s, 9H). 

20 StepB 




To a solution of tris (dibenzylidineacetone)dipalladium(O) (L42 g, 1.55 
mmol) in 150 mL of THF was added l,4-bis(diphenylphosphino)butane (L78 g, 3.10 
mmol). After stirring 20 min at ambient temperature, this solution was added via 
25 cannula to a solution of the intermediate prepared in Step A (12.3 g, 31.0 mmol) and 
thiosalicilic acid (7.18 g, 46.6 mmol) in 150 mL of THF. After 1 hour at ambient 
temperature the reaction was diluted with 1 L of diethyl ether and extracted with 1% 
aqueous HCl (250 mL x3). The combined aqueous layers were neutralized with 
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excess saturated NaHCOs, and the resulting suspension was extracted with ethyl 
acetate (500 mL x2). These organic layers were washed with brine (200 mL), dried 
(MgS04), and concentrated in vacuo, affording the title compound as a clear oil. iH 
NMR (CDCls, 400 MHz) 7.28 (s, IH), 4.00 (dd, IH), 3.97 (m, 2H), 4.70 (s, IH), 3.40 
5 (dd. IH). 3.20 (dd, IH). 3.05 (s. IH). 2.93 (d. IH). 2.81 (t, IH), 1 .80 (s. IH), 1.43 (s. 
9H). 

Step C 




10 

The title compound was obtained following the procedure described in 
Example 1, Step Q, starting with the intermediate prepared in Example 12, Step B 
(1.82 g. 5.86 mmol) and the intermediate prepared in example 1, Step P (2.53 g, 6.45 
mmol). Purification by flash chromatography (65% ethyl acetate in hexane) afforeled 

1 5 the title compound as a colorless oil. iH NMR (CDCI3, 400 MHz) 7.25 (m. 5H), 
7.20 (t. IH). 7.18 (t, IH), 7.15 (t. IH), 7.03 (t. IH), 6.83 (m, IH), 6.60 (m, 2H). 5.89 
(d, IH), 5.50 (s, IH), 4.45 (dd, IH), 3.97 (dd, IH), 4.23 (d, IH), 4.00 (m, IH), 3.82 
(m, 2H), 3.68 (m, IH), 3.45 (m. 3H), 3.32 (m, 3H), 2.87 (m, IH), 2.67 (d, IH), 2.50 
(m, 2H), 1.82 (t, IH), 1.76 (s, 3H), 1.74 (s, 3H), 1.42 (s, 9H), 1.24 (s. 6H); HPLC-MS 

20 (ES) 705.3 (M+1). 

StepD 
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To a solution of the intermediate prepared in Step C (2.43 g, 3.45 
mmol) in 2-propanoI (20 mL) at 0 oC was added concentrated aqueous HCl (20 mL). 
After 16 hours at ambient temperature the reaction was brought to pH 8 with 2N 
5 aqueous NaOH. The mixture was then extracted with ethyl acetate (200 mL x2). The 
organic layers were washed with brine (200 mL), dried (MgS04), and concentrated in 
vacuo affording the title compound as a while solid. iR NMR (CDCI3, 400 MHz) 
9.05 (t, IH), 7.28 (m, 5H), 7.13 (t, IH), 7.10 (d, IH), 6.80 (m, 2H), 6.20 (d, IH), 5.20 
(dd, IH), 4.08 (m, 4H), 3.80 (m, 2H), 3.28 (s. IH), 3.14 (m, IHO, 2.98 (m, 4H), 2.65 
10 (m, 2H). 2.48 (dd, IH), 1.91 (t, IH), 1.58 (t, IH); HPLC-MS (ES) 565.2 (M+1). 



StepE (a/?,Y'5,2S)-4-(2-benzofuranylmethyl)-A^-((35.4S)-3.4-dihydro-3- 
hydroxy-2//- 1 -benzopyran-4-yl)-Y-hydroxy-a-(phenylmethyl)-2- 
r rf 2,2,2-trifluoroethvl)aminolcarbonvll- 1 -piperazinepentanamide 

15 

To a solutidn of the intermediate prepared in Step D (86 mg, 0.15 
mmol) in 3% acetic acid / DMF (1.5 mL) was added benzofuran-2-carboxaldehyde 
(26 jiL, 0.18 mmol). After 10 min at ambient temperature, sodium triacetoxy 
borohydride (49 mg, 0.23 nunol) was added. After 4 hours at ambient temperature 
20 the reaction was diluted with ethyl acetate (30 mL) and washed with 5% aqueous 

NaHC03 (30 mL x 4). The organic layer was washed with brine, dried (MgS04), and 

concentrated in vacuo. Purification by flash chromatography afforded the title 
compound as a white solid. iH NMR (CD3OD, 400 MHz) 7.53 (dd, J = 0.8 Hz, J = 

7.6 Hz, IH), 7.42 (d, J = 8.0 Hz, IH). 7.16 (m, lOH), 6,81 (dt, J = 1.2 Hz. J = 7.6 Hz, 
25 IH), 6.72 (dd, 7 = 1 .2 Hz, / = 8.4 Hz, IH), 6.71 (s, IH), 5.15 (d. / = 4.4 Hz, IH), 4.06 
(m, 2H), 3.97 (m, IH), 3.74 (m, 6H), 3.11 (dd, 7 = 3.2 Hz, 7 = 7.6 Hz, IH), 3.00 (m, 
4H), 2.75 (m, 4H), 2.62 (dd, 7 = 8.0 Hz. 7 = 1 1.6 Hz, IH), 2.53 (t, 7 = 8.4 Hz. IH). 
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2.42 (m, 3H), 2.05 (t, J = 11.2 Hz. IH), 1.40 (dt, 7 = 3.6 Hz, /= 10.0 Hz, IH); HPLC- 
MS (ES) 695.2 (M+1). 

EXAMPLE 13 

5 (a/?,Y5,25)-A^-((35,4S)-3,4-dihydro-3-hydroxy-2//-l-ben2opyran-4-yl)-Y-hyclroxy 
(phenylmethyI)-4-[[5-(3-pyridinyl>l-furanyl]methyl]-2-[[(2,2,2- 
trifluorQethvl)amino1carbonvn-l-piperazinepentanamide 



10 Step A 




To a solution of 5-bromo-2-furaldehyde (20.0 g, 114 mmol) in 100 mL 
of benzene was added ethylene glycol (15.9 mL, 285 mmol) and p-toluenesulfonic 

15 acid monohydrate (282 mg, 1.48 mmol). The mixture was heated to reflux with 
azeotropic removal of water for 18 hours, then cooled to ambient temperature and 
concentrated in vacuo. The residue was dissolved in diethyl ether (1.5 L) and washed 
with saturated aqueous NaHCOs (150 mL), and brine (150 mL). The organic layer 
was dried (MgS04) and concentrated in vacuo affording an orange oil. This material 

20 was dissolved in THF (300 mL) and cooled to -78 oc. To this solution was added 
.sec-butyllithium (100 mL of a 1.3M solution in cyclohexane, 130 mmol) via cannula. 
After 1 hour at -78 oc, a solution of trimethyltin chloride (12.6 g, 63 mmol, as a 
solution in 50 mL of THF) was added via cannula. After an additional 30 min at 78 
OC, the mixture was warmed to ambient temperature. After 2 hours the reaction was 
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quenched by the addition of 100 mL of acetone, followed by 400 mL of water. The 
mixture was diluted with diethyl ether (500 mL). The organic layer was washed with 
saturated aqueous NaHC03 (150 mL x2), and brine, dried (MgS04), and 

concentrated in vacuo, affording an orange oil. This material was dissolved in DMF 
5 (320 mL), and 3-bromopyridine (5.5 mL, 57 mmol) was added, followed by 
tetrakis(triphenylphosphine)palladium(0) (2.0 g, 1.73 mmol). The solution was 
heated to 100 OC for 1 hour, then cooled to ambient temperature. The solution was 
poured onto diethyl ether (1 L) and washed with 5% aqueous NaHCOs (150 mL x3), 
and brine (150 mL). The organic layer was dried (MgS04) and concentrated in 

10 vacuo. Purification by flash chromatography (50% ethyl acetate in hexane) afforded 
the title compound as an orange oil. iH NMR (CDCI3, 400 MHz) 8.87 (s, IH), 8.44 

(d, IH), 7.89 (d, IH), 7.24 (m, IH), 6.65 (d, IH), 6,49 (d. IH). 5.94 (s, IH), 4.1 1 (m. 
2H). 3.98 (m, 2H). 

15 Step B 




To a solution of the intermediate prepared in Step A (1.00 g, 4.60 
mmol) in THF (100 mL) at 0 OC was added 1 N aqueous HCl (16.1 mL, 16.1 mmol). 

20 After warming to ambient temperature over 2 hours, the reaction was quenched by the 
addition of IN NH4OH until the reaction was pH 8. The reaction was diluted with 
200 mL of ethyl acetate and washed with saturated aqueous NaHC03 (150 mL) brine 
(150 mL), dried (MgS04), and concentrated in vacuo, affording the title compound as 
a white solid. iH NMR (CDCI3, 400 MHz) 9.72 (s, IH), 9.07 (s, IH). 8.64 (d, IH). 

25 8.13 (d, IH), 7.43 (m, IH), 7.37 (d, IH). 6.97 (d, IH). 

StepC (a/?,Y5.2S)-A/-((35,45)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl)- 
Y-hydroxy-a-(phenylmethyl)-4-[[5-(3-pyridinyl)-l-furanyl]methyl]-2- 
ff(2.2.2-trifluoroethvI)amino1carbonv]1-l-pipera2inepentanamide 
30 The title compound was obtained following the procedure described in 

Example 12, Step E, starting with the intermediate prepared in Step B (307 mg, 1.77 
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mmol), and using the intermediate prepared in Example 12, Step D (500 mg, 0.886 
mmol). Purification by recrystallization (dichloromethane / ethyl acetate) afforded the 
title compound as a white solid. iH NMR (CDCI3, 500 MHz) 9.04 (s, IH), 8.90 (d, J 
= 1.8 Hz. IH), 8.52 (d, / = 3.4 Hz, IH), 7.90 (d, 7= 8.1 Hz, IH), 7.29 (m, 7H), 7.12 
5 (m. IH), 7.09 (d, / = 7.6 Hz, IH), 6.81 (t, / = 7.8 Hz, 2H), 6.72 (d, J = 3.4 Hz, IH), 
6.37 (d, / = 3.2 Hz, IH), 6.02 (d, 7 = 8.0 Hz, IH), 5.19 (m, IH), 4.14 (q, 7 = 7.1 Hz, 
2H), 4.06 (m, 2H), 3.82m, 2H). 3.72 (d, 7 = 13.9 Hz, IH), 3.62 (d, 7 = 14.2 Hz, IH), 
3.51 (s, IH), 3.36 (s, IH), 2.98 (m, 3H), 2.94 (m, IH), 2.82 (m, IH), 2.74 (m, 2H), 
2.61 (d, 7 = 3.2 Hz, IH), 2.48 (m, 2H), 2.21 (d, 7= 5.8 Hz, IH). 1.91 (t, IH), 1.69 (s, 
10 IH), 1.57 (t, IH); HPLC-MS (ES) 722.2 (M+1). 

EXAMPLE 14 

(cJ?,Y5,25)-//-((35,45)-3,4-dihydro-3-hydroxy-27/-l-benzopyran-4-yl)-Y-hydroxy-a- 
(phenylmethyl)-4-(3-pyridinylmethyl)-2-[[(2,2,2-trif!uoroethyl)amino]carbonyl]-l- 
15 piperazinepentanamide 




The title compound was obtained following the procedure described in 
Example 12, Step E, starting with 3-pyridine carboxaldehyde (32 ^L, 0.30 nrniol) and 

20 the intermediate prepared in Example 12, Step D (86 mg, 0.15 mmol). Purification by 
flash chromatography (10% methanol in dichloromethane) afforded the title 
compound as a white solid. iH NMR (CD3OD, 400 MHz) 8.47 (d, 7 = 1.6 Hz, IH), 
8.43 (dd, 7 = 1.6 Hz, 7 = 4.8 Hz, IH), 7.80 (d, 7 = 6.0 Hz, IH). 7.40 (dd, 7 = 4.8 Hz. 7 
= 7.6 Hz, IH). 7.22 (m. 5H), 7.11 (m, 2 H), 6.80 (dt, 7= 1.2 Hz. 7 = 7.6 Hz, 1 H), 

25 6.73 (d, 7 = 8.4 Hz. IH), 5. 16 (d, 7 = 4.0 Hz, IH), 4.08 (s, 2H), 3.94 (ra, IH), 3.80 (m, 
4H), 3.57 (s, 3H), 3.11 (dd, 7 = 3.2 Hz, 7 = 7.2 Hz. 1 H). 2.98 (m, 3H), 2.76 (dd, 7 = 
6.4Hz,7= 13.2 Hz, 1 H), 2.67 (dd, 7 = 2.4 Hz, 7 = 10.8 Hz. IH), 2.51 (m,6H)2.05 (t, 
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y = 1 1.6 Hz, IH), L41 (dt, y = 3.6 Hz, J = 10.0 Hz, IH); HPLC-MS (ES) 656.3 
(M+1). 

EXAMPLE 15 

5 (a/?,Y5,25)-Af-((35,4S)-3,4-dihydro-3-hydroxy-27/-l-benzopyran-4-yl) 
(phenylmethyl)-4-[[5-(3-pyridinyl)-l-furany!]methyl]-2-[[(2,2,2- 
trifluoroethvnaminolcarbonvll'l-piperazinepentanainide 



of benzene was added ethylene glycol (15.9 mL, 285 mmol) and p-toluenesulfonic 
acid monohydrate (282 mg, 1.48 mmol). The mixture was heated to reflux with 
azeotropic removal of water for 18 hours, then cooled to ambient temperature and 

15 concentrated in vacuo. The residue was dissolved in diethyl ether (L5 L) and washed 
with saturated aqueous NaHCOs (150 mL), and brine (150 mL). The organic layer 
was dried (MgS04) and concentrated in vacuo affording an orange oil. This material 
was dissolved in THF (300 mL) and cooled to -78 OC. To this solution was added 
5ec-butylHthium (100 mL of a 1 .3M solution in cyclohexane, 130 mmol) via cannula. 

20 After 1 hour at -78 oc, a solution of trimethyltin chloride (12.6 g, 63 mmol, as a 

solution in 50 mL of THF) was added via cannula. After an additional 30 min at -78 
OC, the mixture was warmed to ambient temperature. After 2 hours the reaction was 
quenched by the addition of 100 mL of acetone, followed by 400 mL of water. The 
mixture was diluted with diethyl ether (500 mL). The organic layer was washed with 




Step A 



10 




To a solution of 5-bromo-2-furaldehyde (20.0 g, 1 14 mmol) in 100 mL 
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saturated aqueous NaHC03 (150 mL x2), and brine, dried (MgS04), and 
concentrated in vacuo, affording the 5-trimethylstannyIfuran-2-dioxolane as an orange 
oil. 

5 Step B 




The intermediate prepared in Step A was dissolved in DMF (320 mL) 
and di-isopropylethylamine (1 1.9 mL, 68.0 mmol) was added, followed by 4- 
bromopyridine hydrochloride (11.8 g, 57.0 mmol). To this solution was then added 
10 tetrakis(triphenylphosphine)paI]adium(0) (2.0 g, 1.7 mmol), and the mixture was 
heated to 100 OC for 1 hour. The reaction was cooled to ambient temperature, and 
diluted with 1.5 L of diethyl ether. The organic layer was washed with 5% aqueous 
NaHCOs (300 mL x3), brine (300 mL), dried (MgS04) and concentrated in vacuo. 

Purification by flash chromatography (50% ethyl acetate in hexane) afforded the title 
15 compound as an orange solid. iH NMR (CDCI3, 400 MHz) 8.60 (d. 2H). 7.50 (d, 

2H), 6.83 (d, IH), 6.58 (d, IH), 6.00 (s, IH), 4.18 (m, 2H), 4,08 (m, 2H). 
StepC 




20 

To a solution of the intermediate prepared in Step B (2.00 g, 9.20 
mmol) in THF (200 mL) at 0 oc was added 1 N aqueous HCI (32.2 mL, 32.2 mmol). 
After warming to ambient temperature over 2 hours, the reaction was quenched by the 
addition of IN NH4OH until the reaction was pH 8. The reaction was diluted with 
25 200 mL of ethyl acetate and washed with saturated aqueous NaHCOs (150 mL), brine 
(150 mL), dried (MgS04), and concentrated in vacuo, affording the title compound as 
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an orange solid. iH NMR (CDCI3, 400 MHz) 9.87 (s, IH), 8.62 (d, 2H), 7.61 (d, 
2H), 7.32 (d, IH). 7.01 (d, IH). 



Example 12, Step E, starting with the intermediate prepared in Step C (307 mg, 1.77 
10 mmol), and using the intermediate prepared in Example 12, Step D (500 mg, 0.886 
mmol). The material was obtained in > 95% purity from the reaction mixture, as a 
white solid. iH NMR (DMS0-D6, 500 MHz) 8.55 (d, J = 1 .4 Hz, IH). 8.41 (t, / = 

6.2 Hz, iH), 7.79 (d. J = 9.0 Hz, IH), 7.58 (d, 7 = 1.3 Hz, IH), 7.20 (m, 3H), 7.06 (d, 
J = 8.5 Hz, IH). 6.76 (t, 7 = 7.7 Hz. IH), 6.69 (d, /= 5.8 Hz, IH), 6.49 (d, 7 = 3.5 Hz, 
15 IH), 5.09 (m,2H), 4.58 (d, 7 = 4.3 Hz, IH), 4.12 (d, 7= 1 1.2 Hz, 1H),4.05 (dd.7 = 
4.1 Hz, 7 = 11.5 Hz, IH), 3.89 (m, IH), 3.77 (m, IH), 3.71 (d.7 = 2.5 Hz. IH). 3.60 
(s, 2H), 2.92 (m, 4H), 2.40 (t, 7 = 9.4 Hz, IH), 2.26 (m, 4H), 1 .95 (t, 7 = 1 1.6 Hz, IH), 
1.15 (t. 7 = 8.4 Hz); HPLC-MS (ES) 722.2 (M+l). 

20 EXAMPLE 16 

(a/?,Y5,25)-A^-((35,45)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yI)-Y-hydroxy-a- 
(phenylmethyl)-4-[[5-(5-pyrimidinyl)-l-furanyl]methyl]-2-[[(2,2,2- 
trifluoroethvDaminolcarfaonvn-l-piperazinepentanamide 



StepD 



(a/?,Y5,25)-^-((35,45)-3.4-dihydro-3-hydroxy-2H- 1 -benzopyran-4-yl)- 

Y-hydroxy-a-(phenylmethyl)-4-[[5-(3-pyridinyl)-l-furanyl]methyl]-2- 

rr(2.2.2-trifluoroethvl)amino1carbonvll-l-piperazinepentanamide 



5 



The title compound was obtained following the procedure described in 



25 




Step A 
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To a solution of the trimethylstannylfuran intennediate prepared in 
Example 15, Step A (5.00 g, 16.5 mmol) in DMF (100 mL) was added 5- 
bromopyrimidine (2.62 g, 16.5 mmol), followed by tetrakis(triphenylphosphine)- 
5 palladium(0) (0.572 g, 0.49 mmol). The resulting mixture was heated to 100 oc for 1 
hour, then cooled to ambient temperature and diluted with 1.2 L of diethyl ether. The 
organic layer was washed with saturated aqueous NaHCOs (500 mL x2), water (500 
mL x2), and brine (500 mL), dried (MgS04), and concentrated in vacuo. Purification 
by recrystallization from diethyl ether / hexane afforded the furanylpyrimidine as an 
10 orange solid. iH NMR (CDCI3, 400 MHz) 9.11 (s, IH), 9.01 (s, 2H), 6.80 (d, IH). 
6.59 (d. IH), 6.00 (s, IH). 4.18 (m. 2H), 4.07 (m. 2H). 

StepB 



O 




15 To a solution of the intermediate prepared in Step A (837 mg, 3.83 

mmol) in THF (100 mL) and cooled to 0 oc. To this solution was added 1 N aqueous 
HC! (10 mL, 10 mmol). After 1 hour at 0 oc the reaction was quenched by the 
addition of concentrated NH4OH (50 mL). The mixture was diluted with ethyl 
acetate (200 mL), and the organic layer was washed with saturated aqueous NaHC03 

20 (200 mL) and brine (200 mL), dried (MgS04), and concentrated in vacuo, affording 
the aldehyde as an orange solid. iH NMR (CDCI3, 400 MHz) 9.76 (s, IH), 9.24 (s, 
IH), 9.17 (s. 2H), 7.39 (d, IH), 7.05 (d, IH). 
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StepC (a/?,Y«S,25)-W-((35.4S)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yI)- 
Y-hydroxy-a-(phenyImethyl)-4-[[5-(5-pyrimidinyl)-l-furanyl]methyl]- 
2-rff2,2.2-trifluoroethvl)amino1carbonvll-l-piperazinepentanamide 

5 The title compound was obtained following the procedure described in 

Example 12, StepE, starting with the aldehyde intermediate prepared in Step B (166 
mg, 0.953 mmol), and using the intermediate prepared in Example 12, Step D (312 
mg, 0.554 mmol). Purification by flash chromatography (3% methanol in ethyl 
acetate) afforded of the title compound as a white solid. iH NMR (CDCI3, 400 MHz) 

10 9.1 1 (s, IH), 8.97 (s, IH), 8.89 (s, IH), 7.28 (m, 5H), 7.12 (m, 2H), 6.80 (m. 3H), 6.42 
(s, IH), 6.08 (d, 7=8.0 Hz, IH), 5.18 (dd. 7 = 4.1 Hz, IH), 4.08 (m, 4H), 3.80 (s, 
IH), 3.67 (m, 4H), 3.38 (s, IH). 2.88 (m, 1 IH). 2.47 (d, 7= 10.4 Hz, IH), 2.24 (s, 
IH), 1.92 (t, 7= 11.2 Hz, IH), 1,56 (t, 7= 10.8 Hz, 1H);HPLC-M&(ES) 723.5 
(M+1). 

15 

EXAMPLE 17 

(a/?,Y5,25)-A^-((35,45)-3,4-dihydro-3-hydroxy-2f/-l-benzopyran-4-yl)-Y-hydroxy- 
4-[(3-methyl-7-methoxy-4-benzofuranyl)methyl]-a-(3-pyridinylmethyl)-2-[[(2,2,2- 
trifluoroethynaminolcarbonvll-l-piperazinepentanamide 




Step A 
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To a solution of 5-iodovanilin (3.00 g, 10.8 mmol) in DMF (10 mL) 
was added K2CO3 (3.72 g, 27.0 mmol), followed by allyl bromide (0.934 mL, 16.2 
5 mmol). The reaction was heated to 50 OC for 1.5 hours, then cooled to ambient 

temperature and diluted with 300 mL of ethyl acetate. The organic layer was washed 
with 1 N aqueous NaHS04 (300 mL), 0,5 N NaHC03 (300 mL x3), and brine (300 
mL). The organic layer was then dried (MgS04) and concentrated in vacuo, affording 
3.38 g of the allyl ether as a yellow solid. This material was dissolved in DMF (20 

10 mL), and to this solution was added Na2C03 (853 mg, 8.05 mmol), sodium formate 
(L37 g, 20.1 mmol), tetrabutylammonium chloride (2.46 g, 8.86 mmol), and 
palladium(n) acetate (90.4 mg, 0.403 mmol). The reaction was heated to 80 oc for 1 
hour, then cooled to ambient temperature and diluted with 300 mL of ethyl acetate. 
The organic layer was washed with 1 N NaHS04 (300 mL), 0,5 N NaHC03 (300 mL 

15 x3), and brine (300 mL), dried (MgS04), and concentrated in vacuo, affording a 
brown oil. Purification by flash chromatography (25% ethyl acetate in hexane) 
afforded the aldehyde as a white solid. iH NMR (CDCI3, 400 MHz) 10.0 (s, IH), 
7.65 (s, IH). 7.50 (s, IH). 7.35 (s, IH). 4.05 (s, 3H), 2.28 (s. 3H). 

20 StepB (ctR.Y5,25)-A^-((35,4S)-3.4-dihydro-3-hydroxy-2//.l-benzopyran-4.yl> 
Y-hydroxy-4-[{3-methyl-7-methoxy-4-ben2ofuranyl)methyl]-a-(3- 
pyridinyImethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonyll-l- 
pjperazinepentanami de 

25 The title compound was obtained following the procedure described in 

Example 12, Step E, starting with the aldehyde prepared in Step A (22.3 mg, 0,1 18 
mmol) and the intermediate prepared in Example 12, Step D (33.2 mg, 0.0589 mmol). 
Purification by flash chromatography (95% ethyl acetate in hexane) afforded the title 
compound as a white solid. iH NMR (CDCI3, 400 MHz) 9.19 (s, IH). 7.44 (d, J = 

30 4.4 Hz, IH), 7.27 (m. 5H), 7.14 (t, 7= 7,6 Hz, IH). 7.09 (d, 7= 8.0 Hz. IH). 7.01 (s. 
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IH), 6.82 (t, J = 8.4 Hz, IH), 6.69 (s, IH), 5.94 (d, J = 7.6 Hz, IH), 4.20 (dd, J = 4.4 
Hz, y= 8.8 Hz, lH),4.18(m, 1H),4.03 (m, 5H), 3.81 (m, 2H), 3.61 (m, 4H),3.36 (s, 
IH), 3.05 (d, J = 12.0 Hz, IH), 2.93 (m, 2H), 2.79 (m, 3H), 2.56 (d, J = 9.2 Hz, IH), 
2.47 (d, J = 10.8 Hz, IH), 2.35 (t, J = 8.0 Hz, IH), 2.24 (s, 3H), 2.11 (d, J = 6.4 Hz, 
5 IH), 1.92 (t, 7 = 1 1.2 Hz, IH), 1,61 (m, IH), 1.27 (s, 2H); HPLC-MS (ES) 739.4 
(M+l). 



EXAMPLE 18 

(a/?.Y5,25)-iV-((3S,4S)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hyd^^ 
10 [(7-inethoxy-2-benzofuranyl)methyl]-a-(phenylraethyl)-2-[[(2,2,2- 

trifluoroethvnaminokarbonvll-l-piperazineDentanamide 



Step A 



15 




To a solution of 7-methoxy-2-benzofurancarboxyIic acid (1.04 g, 5.42 
mmol) in benzene (120 mL) was added methanol (40 mL), followed by 
trimethylsilyldiazomethane (2.72 mL of a 2.0 M solution in hexane, 5.42 mmol). 
After 30 min the reaction was diluted with dichloromethane (300 mL) and washed 
20 with saturated aqueous NaHC03 (300 mL). The organic layer was dried (Na2S04) 

and concentrated in vacuo, affording 1 .1 1 g of the carboxylic acid methyl ester as a 
white solid. This material was dissolved in THF (100 mL), and the resulting solution 
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was cooled to 0 oc. To this solution was added LiAlILj (13.5 mL of a LO M solution 

in THF, 13.5 mmol). After 30 min the reaction was quenched by the slow addition of 
saturated aqueous NH4CI (100 mL). The mixture was diluted with ethyl acetate (300 
mL), and the organic layer was washed with 1 N NaHS04 (300 mL), saturated 
5 aqueous NaHC03 (300 mL) and brine (300 mL), dried (MgS04) and concentrated in 
vacuo, affording 977 mg of the alcohol as a colorless oil. This material was dissolved 
in DMSO (20 mL), and to this solution was added triethylamine (4.52 mL, 32.5 
mmol), followed by sulfur trioxide pyridine complex (2.58 g, 16.2 mmol). After 10 
min the reaction was diluted with dichloromethane (200 mL) and washed with 1 N 
10 aqueous NaHS04 (200 mL), followed by 0.5 N aqueous NaHCOs (200 mL). The 

organic layer was dried (Na2S04) and concentrated in vacuo, yielding the aldehyde as 
a yellow oil. iH NMR (CDCI3, 400 MHz) 9.92 (s. IH), 7.57 (s, IH), 7.35 (d, IH), 
7.26 (t, IH), 6.98 (d, IH), 4.02 (s, 3H). 



15 StepB (aR,YS,2S)-A^-((3S.4S)-3.4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl)- 
Y-hydroxy-4-[(7-methoxy-2-benzofuranyl)methyl]-a-(phenylmethyl)-2- 
rf(2,2,2-trifluoroethvl)aminolcarbonvlM-piperazinepentananriide 

The title compound was obtained following the procedure described in 
20 Example 12, Step E, starting with the aldehyde prepared in Step A (25.6 mg, 0.145 
mmol) and the intermediate prepared in Example 12. Step D (41.0 mg. 0.0727 mmol). 
Purification by flash chromatography (95% ethyl acetate in hexane) afforded the title 
compound as a white solid. iH NMR (CDCI3, 400 MHz) 9.33 (s, IH), 7.22 (m, 

lOH), 6.83 (m, 2H), 6.37 (s, IH). 6.05 (d, J = 8.0 Hz, IH), 5.18 (dd, / = 4.0 Hz, IH), 
25 4.27 (m, IH), 4.07 (d, 7= 1 1.2 Hz. IH). 4.01 (d, J = 7.6 Hz, IH), 4.00 (s, 3H), 3.87 
(d, /= 14.0 Hz, IH), 3.78 (s, IH), 3.75 (m, IH, IH), 3.63 (d. /= 14.4 Hz, IH), 3.34 
(s. IH), 3.00 (m, 2H), 2.92 (m, 2H), 2.75 (m, 3H), 2.56 (m, 2H). 2.23 (s, IH), 1.91 (t, 
7 = 11.2 Hz, IH), 1.57 (t, y = 10.4 Hz, IH). 1.27 (s, IH); HPLC-MS (ES) 725.4 
(M+1). 

30 EXAMPLE 19 

(oc/?,Y5,25)-//-((35,45)-3,4-dihydro-3-hydroxy-2//-l.benzopyran-4-yl)-Y-hydroxy-a- 
(phenylmethyl)-4-[(l-phenyl-l//-pyrro]-3-yl)methyl]-2-[[(2,2,2- 
trifluoroethvnaminolcarbonvll-l-piperazinepentanamide 
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Step A 




5 To a solution of aniline (1.68 mL, 18.4 mmol) in acetic acid (25 mL) 

was added 2,5-dimethoxy-3-tetrahydrofurancarboxaIdehyde (2.95 18.4 mmol). The 
resulting solution was heated to 90 oC for 30 min, then cooled to ambient 
temperature. The reaction was added slowly to saturated aqueous NaHCOs (500 

mL), and the mixture was extracted with dichloromethane (200 mL). The organic 
10 layer was dried (Na2S04) and concentrated in vacuo. Purification by flash 

chromatography (25% ethyl acetate in hexane) afforded the aldehyde as a yellow oil. 
IH NMR (CDCI3. 400 MHz) 9.89 (s, IH), 7.69 (s, IH). 7.40 (m. 5H). 7.12 (d, IH), 

6.80 (d, IH). 



15 StepB (a/?,Y5,25)'//-((35,45)-3,4-dihydro-3-hydroxy-2^-l-benzopyran-4-y])- 
Y-hydroxy-a-(phenylmethyl)-4-[(l-phenyl-l//-pyrrol-3-yl)methyl]-2- 
ff(2,2,2-trifluoroethvnamino1carbonvll-l-piperazinepentananude 

The title compound was obtained following the procedure described in 
20 Example 12, Step E, starting with the aldehyde prepared in Step A (19.7 mg, 0.1 15 
mmol) and the intermediate prepared in Example 12, Step D (43.3 mg, 0.0767 nmiol). 
Purification by flash chromatography (ethyl acetate) afforded the title compound as a 
white solid. iH NMR (CDCI3, 400 MHz) 9.38 (s, IH), 7.45 (t, / = 6.4 Hz, IH), 7.38 
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(d, J = 8.4 Hz. IH), 7.28 (m, 4H), 7.14 (t, / = 7.2 Hz. IH), 7.01 (s, IH), 6.99 (s, IH). 
6.84 (d, J = 7.6 Hz. IH), 6.81 (d, J = 8.0 Hz, IH), 6.23 (t, / = 2.0 Hz, IH), 5.97 (d, J = 
8.0 Hz, IH) 5.18 (dd, y = 4.0 Hz. IH), 4.17 (m, IH), 4.07 (d, J = 10.4 Hz, IH). 4.01 
(dd, J = 5.2 Hz, J = 11.6 Hz, IH), 3.83 (s, IH), 3.72 (m, 2H), 3.55 (d, 7 = 13.2 Hz, 
5 IH), 3.44 (d, J = 13.2 Hz, IH), 3.55 (s, IH), 3.01 (d, 7 = 1 1.6 Hz, IH), 3.01 (d, J = 
15.2 Hz, lH),2.97(t,7= 10.4 Hz, IH), 2.89 (m, IH), 2.81 (dd, 7 = 4.4 Hz, 7 = 12.0 
Hz, IH), 2.69 (m, 2H), 2.46 (d, 7 = 10.8 Hz, IH). 2.31 (t, 7 = 10.4 Hz, IH). 2.16 (s, 
IH), 1.91 (t. 7 = 10.8 Hz, IH), 1.58 (m, 2H); HPLC-MS (ES) 720.5 (M+1). 

10 EXAMPLE 20 

(a/J,Y5,25)-N-((3S,4S)-3.4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-4- 
[(l-phenyl-l/?-imidazol-4-yl)methyl]-a-(phenylniethyl)-2-[[(2,2,2- 
trifluoroethvl)aminolcarbonvn-l-piperazinepentanamide 



15 

Step A 




To a solution of aniline (3.16 mL, 34.7 mmol) in ethanol (66 mL) was 
20 added acetic acid (3.5 mL), followed by triethylorthoformate (5.77 mL, 34.7 mmol). 
The mixture was heated to reflux for 30 min, the cooled to ambient temperature. 
Methyl nitroacetate (6.38 mL, 69.4 mmol) was added, and the reaction was again 
heated to reflux for 3.5 hours. The mixture was then cooled to 0 oc, and the 
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precipitate that formed was collected by filtration and dried in vacuo, affording 5.16 g 
of the nitro enamine as a white solid. This material was dissolved in 
triethylorthoformate (60 mL). To the solution was added 10% Pd / C (1.70 g), and the 
reaction was placed under 2.5 atm of H2 at 70 OC for 2 hours. The reaction was 

5 filtered through celite and concentrated in vacuo. The residue was dissolved in THF 
(300 mL) and cooled to 0 oC, followed by addition of 1 N aqueous HCl until the 
solution was pH 1. After 30 min at 0 oc the solution was adjusted to pH 8 with 
saturated aqueous NaHCOs and extracted with ethyl acetate (300 mL). The organic 
layer was washed with brine (300 mL), dried (MgS04), and concentrated in vacuo, 

10 Purification by flash chromatography (65% ethyl acetate in hexane) afforded the title 
compound as a yellow solid. iH NMR (CDCI3. 400 MHz) 7.95 (s. IH), 7.90 (s, IH), 

7.50 (m, 2H), 7.40 (m, 3H). 3.92 (s, 3H). 
StepB 



O 



15 




To a solution of the methyl ester prepared in Step A (200 mg, 0.990 
mmol) in THF (4 mL) at 0 oC was added LiAlH4 (1.98 mL of a 1.0 M solution in 

THF, 1.98 mmol). After 30 min the reaction was quenched by the addition of 20% 
20 aqueous NaOH (2 mL). The mixture was diluted with ethyl acetate (100 mL) and the 
organic layer was washed with brine (100 mL), dried (MgS04) and concentrated in 

vacuo, affording 166 mg of the alcohol as a colorless oil. This material was dissolved 
in 1:1 pentaneidichloromethane (10 mL). To this solution was added 1.10 g of celite, 
followed by Mn02 (MO g, 12.7 mmol). After 2 hours the mixture was filtered 

25 through celite and concentrated in vacuo, affording the aldehyde, which was used 

without further purification. iH NMR (CDCI3, 300 MHz) 9.97 (s, IH), 7.96 (s, IH), 

7.90 (s, IH), 7.45 (m. 5H). 
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StepC (a/?,YS,2S)-A^-((3S,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-y^ 
Y-hydro\y-4-[(l-phenyl-lH-imidazol-4-yl)methyl]-a-(phenylmethyI> 
2-rf(2,2,2-trifluoroethvnaniino1carbonvll-l-piperazinepentanamide 
The title compound was obtained following the procedure described in 
5 Exaniple 12, Step E, starting with the aldehyde prepared in Step B (18 mg, 0.1 1 

mmol) and the intermediate prepared in Example 12, Step D (50 mg, 0.089 mmol). 

Purification by flash chromatography (7% methanol in ethyl acetate) afforded the title 

compound as a white solid iH NMR (CD3OD, 400 MHz) 8,10 (s, IH), 7.81 (d, J = 

9.2 Hz, IH) 7.53 (m, 6H), 7.40 (m, IH), 7,23 (m, 5H), 7.18 (m, IH), 7.10 (m, 2H), 
10 6.82 (t, J = 7.2 Hz, IH), 6.72 (d, J = 8.0 Hz, IH), 5.16 (d. J = 4.0 Hz, IH), 4.08 (m, 
2H), 3.98 (m, IH), 3.76 (m, 4H), 3.62 (s, 2H), 3.15 (m, IH), 3.03 (m. 3H), 2.75 (m, 
6H), 2.59 (t,7= 8.8 Hz, IH), 2.41 (m, 2H), 2.05 (t, /= 11.6 Hz, IH), 1.41 (m, 2H); 
HPLC-MS (ES) 721.6 (M+1). 

15 EXAMPLE 21 

(ot/?,Y5,25)-4-(2-benzofuranylmethyl)-Ar-((15,2/?)-l,2-dihydro-2-hydroxy-l/f-inden-l- 
yl)-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l- 
piperazinepentanamide 



20 




Step A 
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The title compound was obtained following the procedure described in 
Example 1, Step Q, starting with the intermediate prepared in Example 12, Step B 
5 (187 mg, 0.603 mmol) and the epoxide intermediate employed in Example 8, step A 
(250 mg, 0.663 mmol). Purification by flash chromatography (65% ethyl acetate in 
hexane) afforded the title compound as a colorless oil. iH NMR (CDCI3, 400 MHz) 

7.25 (m, 8H), 6.92 (t, IH), 6.40 (d. IH), 5.63 (s, IH), 4,83 (s, IH), 3.90 (m, 3H), 3.78 
(d, IH), 3.51 (m, 4H), 3.30 (m, IH, 3.19 (, IH), 3.09 (s, 2H), 2.90 (d, IH), 2.82 (dd, 
10 IH), 2.66 (m, IH), 2.52 (m, 2H), 1.88 (dd, IH), 1.65 (s, 3H), 1.60 (t, IH), 1.48 (s, 
9H), 1.39 (s, 3H); HPLC-MS (ES) 689.2 (M+1). 

StepB 




15 

To a solution of the intermediate prepared in Step A (288 mg, 0.419 
mmol) in 2'propanol (10 mL) at 0 was added concentrated aqueous HCl (10 mL). 
After 16 hours at ambient temperature the reaction was brought to pH 8 with 2N 
aqueous NaOH. The mixture was then extracted with ethyl acetate (200 mL x2). The 
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organic layers were washed with brine (200 mL). dried (MgS04), and concentrated in 
vacuo affording the tide compound as a white sohd. iH NMR (CDCI3, 400 MHz) 
9.00 (t, IH), 7.22 (m, 9H), 6.17 (d, IH), 5.28 (dd. IH). 4.28 (t. IH). 4.10 (m, IH). 
3.81 (m, 2H), 3.24 (m, IH), 3.1 1 (m, IH), 3.10 (dd, IH), 3.00 (m, 2H), 2.90 (dd, IH), 
5 2.85 (m, 3H), 2.75 (m, IH), 2.67 (m, IH), 2.50 (dd, IH), 1.98 (t, IH), 1.58 (t, IH); 
HPLC-MS (ES) 549.2 (M+1). 

Step C {OLR,yS, 25)-4-(2-benzofuranylmethyl)-A^-(( 1 5,2/?)- 1 ,2-dihydro-2- 



Example 12, Step E, starting with ben2ofuran-2-carboxaldehyde (22 mg. 0.15 mmol) 
and the intermediate prepared in Example 21, Step B (70 mg, 0.13 mmol). 
15 Purification by flash chromatography (1% methanol in ethyl acetate) afforded the title 
compound as a white solid iH NMR (CD3OD, 400 MHz) 7.52 (d, J = 6.8 Hz, IH), 

7.42 (d, / = 8 Hz, IH), 7.18 (m, 5H), 6.70 (s, IH), 5.19 (d, J = 5.2 Hz, IH), 4.31 (dt, J 
= 2.4 Hz, /= 5.2 Hz, IH), 3.96 (m, IH), 3.73 (m, 4 H), 3.10 (m, 2H), 3.03 (d, 5.2 Hz, 
IH), 2.96 (m, 3H), 2.75 (m, 7H), 2.61 (dd, /= 8.0 Hz, 7= 11.2 Hz, IH), 2.54 (dd, 7 = 
20 2.8 Hz, J = 8.4 Hz, IH), 2.39 (m, 4H), 2.02 (dt. / = 2.0 Hz, 7 = 13.6 Hz, IH), 1.40 (dt, 
J = 2.8 Hz, 7= 10.0 Hz, IH); HPLC-MS (ES) 679.2 (M+1). 

EXAMPLE 22 

(a/f,Y5,2S)-iV-((lS,2/?)- 1 ,2-dihydro-2-hydroxy-lH-inden-l-yl)-Y-hydroxy-a- 
25 (phenylmethyl)-4-(3-pyridinylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l- 
piperazinepentanamide 



10 



hydroxy-17y-inden-l-yl)-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2- 
trifluoroethvl)amino1carbonvn-l-piperazinepcntanamide 



The title compound was obtained following the procedure described in 
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The title compound was obtained following the procedure described in 



Example 12, Step E, starting with pyridine-3 carboxaldehyde (28 mg, 0.26 mmol) and 
the intermediate prepared in Example 21, Step B (70 mg, 0.13 mmol). Purification by 



5 flash chromatography (10% methanol in ethyl acetate) afforded the title compound as 
a white solid iH NMR (CD3OD, 400 MHz) 8.47 (d. J = 1 .6 Hz, IH), 8.43 (dd, J = 

1.6 Hz, 7 = 4.8 Hz, IH), 7.81 (dt, / = 1.6 Hz, 7 = 8.0 Hz, IH), 7.40 (dd, / = 5,2 Hz, J 
= 8.0 Hz, IH), 7.19 (m, 9H), 5.20 (d, J = 4.8 Hz, IH), 4.32 (t, /= 5.2 Hz, IH), 3.83 
(m, 3H), 3.56 (s, 2H), 3.04 (m, 4H), 2.85 (d, J = 16.4 Hz, IH), 2.77 (m, IH), 2.66 (d. 
10 7 = 8.0 Hz, IH), 2.47 (m, 7H), 2.02 (m, IH), 1 .34 (m, IH); HPLC-MS (ES) 640.3 



EXAMPLE 23 

(a/?,Y5,25)-Ar-((35,4S)-3,4-dihydro-3-hydroxy-2/f-l.benzopyran-4-yl)-Y-hydroxy-4- 
15 [(5-phcnyl-2-furanyl)methyl]-a-(3-pyridinylmethyl)-2-[[(2,2,2- 

trifluoroethvllaminolcarbonvl1-l-piperazinepentanamide 



(M+1). 




F 



20 Step A 
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To a solution of 2(R)-hydroxy-l(S)-anninoindane (98.7 g, 660 mmol) 
in DMF (400 mL) was added dichloromethane (2.2 L), followed by 3-pyridine 
propionic acid (ICQ g, 660 mmol), HOBT (134 g, 990 mmol), and EDC (189 g, 990 
mmol). After 2 hours the thick slurry was filtered and the filtrate was dried in vacuo. 
5 This material was dissolved in dichloromethane (1.5 L), and cooled to 0 OC. To the 
solution was added 2-methoxypropene (259 mL, 2.69 mol), followed by camphor- 
sulfonic acid (150 g, 697 mmol). The mixture was warmed to ambient temperature 
over 1 hour, then brought to pH 10 with 1 N aqueous NaOH. The organic layer was 
dried (Na2S04) and concentrated in vacuo. The resulting yellow solid was tritrated 
10 with hexane to afford a beige solid. iH NMR (CDCI3, 400 MHz) 8.55 (s, IH), 8.47 
(d, lH)m 7.60 (d, IH), 7.20 (m, 5H), 5.14 (d, IH), 4.70 (m, IH), 3.12 (m, 2H), 3.05 
(s, 2H), 2.93 (m, 2H), 1.60 (s, 3H0, 1.34 (s, 3H). 

StepB 



15 




The title compound was obtained following the procedure described in 
Example 1, Step N, using the intermediate from Step A (30.0 g, 93.1 mmol). 
Tritration of the crude material with hexane afforded the title compound as a beige 
20 solid. IH NMR (CDCI3, 400 MHz) 8.60 (s, IH). 8.50 (d, IH), 7.61 (dt, IH), 7.20 (m, 

4H), 6.82 (t, IH), 6.12 (d, IH), 5.85 (m, IH), 5.20 (d, IH), 5.08 (d, IH), 5.06 (s, IH), 
4.74 (s, IH), 3.38 (dd, IH), 3.10 (m, IH), 3.00 (s, 2H), 2.78 (dd, IH), 2.45 (m, IH), 
2.35 (m, IH), 1.60 (s, 3H), 1.27 (s, 3H). 

25 Step C 
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To a solution of the intermediate from Step B (29.8 g, 82.2 mmol) in 
THF (250 mL) was added water (250 mL). The mixture was cooled to 0 OC, and l2 

5 (83.5 g, 329 mmol) was added, followed by methanesulfonic acid (10.7 mL, 164 
mmol). The mixture was warmed to ambient temperature and stirred for 16 hours. 
The reaction was then diluted with ethyl acetate (1 L) and washed with 1 N NaHS04 

(300 mL x3). The aqueous layer was brought to pH 8 with saturated aqueous 
NaHC03, and extracted with dichloromethane (500 mL x2). These organic layers 
10 were dried (Na2S04) and concentrated in vacuo. Purification by flash 

chromatography (ethyl acetate) afforded the title compound as a beige solid. iH 
NMR (CDCI3, 400 MHz) 8.51 (d, IH), 8.46 (s, IH), 7.55 (d, IH). 7.21 (s, IH), 4.20 

(m. IH), 3.35 (dd, IH). 3.20 (m, 2H), 3.18 (dd. IH), 3.08 (m, IH), 2.82 (dd, IH), 2.20 
(m. 2H); HPLC-MS (ES) 318.0 (M+1). 

15 

StepD 



O 




7 



To a solution of the intermediate from Step C (6.90 g, 21.8 mmol) in 
20 DMF (15 mL) was added the intermediate from Example 12, Step B (5.83 g, 18.7 
mmol), and di-w<^-propyIethylamine (3.92 mL, 22.5 mmol). The mixture was heated 
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to 100 OC for 16 hours, then cooled to ambient temperature and diluted with ethyl 
acetate (1 L) and washed with 0.5 N aqueous NaHCOs (300 mL x3), and brine (300 
mL), dried (MgS04) and concentrated in vacuo. Purification by flash 
chromatography afforded the title compound as a white solid. NMR (CDCI3, 400 
5 MHz) 8,55 (d, IH), 8.48 (s, IH), 7.58 (dd, IH), 7.26 (d, IH), 7.00 (t, IH), 4.46 (m, 
IH), 4.05 (m, IHO, 3.90 (m, IH, 3.72 (m, 2H), 3.10 (m, 3H), 2.90 (m, 2H), 2.85 (dd, 
IH), 2.60 (m, 2H), 2.40 (t, IH), 2.05 (m, IH), 1.95 (m, IH), 1.42 (s, 9H). 

StepE 



10 




To a solution of the intermediate from Step D (3.35 g, 6.70 mmol) in 
1,2-dimethoxyethane (30 mL) at 0 oC was added 1 N aqueous LiOH (7.36 mL, 7.36 
mmol). After 30 min the reaction was concentrated in vacuo, and the carboxylic acid 

15 (lithium salt) product was dried to a white powder by repeated azeotropic drying with 
benzene in vacuo. This material was dissolved in DMF (50 mL), and to this solution 
was added rerr-butyldimethylsilyl chloride (10.1 g, 67.0 mmol), and imidazole (9.12 
g, 134 mmol). After 2 hours at ambient temperature the reaction was quenched with 
0.05 N aqueous pH 7 phosphate buffer (100 mL) and extracted with ethyl acetate (300 

20 mL). The organic layer was washed with brine (300 mL), dried {MgS04) and 

concentrated in vacuo. The resulting silyJ ester was dissolved in THF (20 mL) and 
water (10 mL) was added. The mixture was concentrated in vacuo, with the residual 
water removed by repeated azeotropic drying with benzene in vacuo. The resulting 
free acid was dissolved in DMF (100 mL), and to this solution was added the chiral 
25 aminochromanol intermediate from Example 1, Step L (1.1 1 g, 6.70 mmol), followed 
by HOBT (2.26 g, 16.7 mmol), di-LV^-propylethamine (4.61 mL, 26.8 mmol), and 
HBTU (3.81 g, 10.0 nmiol). After 16 hours at ambient temperature the reaction was 
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diluted with ethyl acetate (300 mL) and washed with 0.5 N NaHOs (300 mL x3), and 
brine (300 mL). The organic layer was dried (MgS04) and concentrated in vacuo. 

Purification by flash chromatography afforded the title compound as a white solid. 
iH NMR (CDCI3. 400 MHz) 8.48 (s, IH), 8.46 (d, IH), 7.95 (d, IH), 7.55 (d, IH), 

5 7.22 (dd, IH), 7.16 (t, IH), 7.14 (d, IH), 6.84 (t, IH), 6.79 (d, IH), 5.20 (dd, IH), 
4.08 (s, IH), 4.00 (dd, IH), 3.80 (m, 4H), 3.64 (d, IH), 3.62 (m, IH), 3.00 (m, 4H), 
2.80 (m, 2H), 2.42 (m, 2H). 2.23 (m, 2H), 1.42 (s, 9H), 0.89 (s. 9H), 0.02 (s, 3H), 0.02 
(s, 3H). 

10 Step F 




To a solution of the intermediate from Step E (5.32 g, 6.83 mmol) in 2- 
propanol (20 mL) at 0 oC was added concentrated aqueous HCl (20 mL). After 1 
15 hour the reaction was added to saturated aqueous NaHCOs (400 mL) and extracted 

with dichloromethane until there was no product remaining in the aqueous layer by 
HPLC analysis (200 mL x20). The combined organic layers were concentrated in 
vacuo, affording the title compound as a white solid. iH NMR (CDCI3, 400 MHz) 

8.41 (s, IH), 8.39 (d, IH), 7.76 (d, IH). 7.34 (m, IH), 7.10 (m 2H), 6.83 (t, IH), 6.77 
20 (d, IH), 5.20 (d, IH), 4.80 (s, 2H). 4.08 (m, 3H), 3.75 (m, 3H), 3.28 (t, 2H), 3.00 (m, 
4H), 2.85 (m, 3H). 2.50 (dd, 1 H), 2.40 (dd. IH). 2.10 (m, IH), L40 (m, IH). 

StcpG 
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To a solution of 4-bromofuran carboxaldehyde (2.00 g, 11.4 mmol) in 
deoxygenated DMF (50 mL) was added tetrakis(triphenylphosphine)palladium(0) 
5 (660 mg, 0.570 mmol), followed by phenylboronic acid (1 .39 g, 11 .4 mmol), and 2 N 
aqueous Na2C03 (11.4 mL of a 2.0 M solution, 22.9 mmol). The mixture was heated 
to 100 OC for 16 hours, the cooled to ambient temperature and diluted with ethyl 
acetate (500 mL). The mixture was washed with 0.5 N NaHCOa (300 mL x3) and 
brine (300 mL). The organic layer was dried (MgS04), and concentrated in vacuo. 
10 Purification by flash chromatography (35% ethyl acetate in hexane) afforded the title 
compound as a yellow oil. iH NMR (CDCI3, 300 MHz) 9.62 (s, IH), 7.82 (d, 2H), 
7.40 (m, 3H), 7.31 (d, IH), 6.80 (d, IH). 



Step H (a/?,Y5,2S)-A^-((35,4S)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl)- 
15 Y-hydroxy-4-[(5-phenyl-2-furanyl)methyl]-a-(3-pyridinylmethyl)-2- 
rff2.2.2-trifluoroethvnam inolcarfaonvl]-l-DiDerazinepentanamide 

The title compound was obtained following the procedure described in 
Example 12, Step E, starting with the intermediate prepared in Step F (368 mg, 0.652 

20 mmol) and the aldehyde prepared in Step G (168 mg, 0.978 nmiol). Purification by 
flash chromatography (10% methanol in ethyl acetate) afforded 348 mg (74%) of the 
title compound as a white solid. iH NMR (CDCI3, 400 MHz) 9.16 (s, IH), 8.42 (d, J 
= 3.6 Hz, IH) 8.39 (d. IH), 7.64 (d, / = 7.6 Hz, IH), 7.55 (d, J = 8.0 Hz, IH), 7.40 (t. 
/ = 7.2 Hz, IH), 7.30 (d. J = 7.6 Hz. IH), 7.22 (dd. / = 4.4 Hz, 7 = 7.2 Hz, IH). 7.11 

25 (d. 7 = 6.0 Hz, IH). 6.82 (d. J = 6.4 Hz, IH), 6.61 (d, J = 2.8 Hz. IH), 6.50 (d, J = 8.4 
Hz, IH). 6.33 (d. y = 3.2 Hz, IH), 5.22 (dd, J = 4.0 Hz. / = 8.0 Hz, IH), 4. 12 (m. 2H), 
4.01 (dd, y = 5.2 Hz, y = 1 1.2 Hz, IH), 3.84 (m, IH), 3.78 (t, / = 9.6 Hz, IH), 3.72 (d, 
/ = 14.0 Hz, IH), 3.56 (d, J = 14.0 Hz, IH), 3.49 (m, IH), 3.34 (s, IH), 3.00 (m, 2H), 
2.88 (m, 1H)2.71 (m, 2H). 2.54 (dd, J = 2.8 Hz, 7 = 11.6 Hz, IH), 2.45 (d, J = 10.0 

30 Hz. IH). 1.87 (t, 7 = 11.2 Hz, IH). 1.51 (t, 7 = 10.8 Hz. IH); HPLC-MS (ES) 722.4 
(M+1). 
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EXAMPLE 24 

(a/?,Y5,25)-4-(2-benzopyranylmethyl)-A^-((35,45)-3,4-dihydro-3-hydroxy-2//-l- 
benzopyran-4-yl)-Y-hydroxy-a-(3-pyridinylmethyl)-2-[[(2,2,2- 



Example 12, Step E, starting with the intermediate prepared in Example 23, Step F 
10 (357 mg, 0.632 mmol) and benzofuran-2-carboxaldehyde (185 mg, 1.26 mniol). 
Purification by flash chromatography (10% methanol in ethyl acetate) afforded the 
title compound as a white solid. iH NMR (CDCI3, 400 MHz) 9.19 (s, IH), 8.45 (s, 

2H), 7.56 (d, J = 8.0 Hz, 2H), 7.44 (d, J = 8.0 Hz, IH), 7.29 (m, 6H), 7.12 (m, 2H), 
6.82 (d, / = 7.2 Hz, 2H), 6.65 (s. IH). 6.33 (s, IH), 5.22 (dd, J = 4.4 Hz, IH). 4.21 (m, 
15 IH). 4.1 1 (d, 7 = 10.8 Hz, IH). 4.02 (dd, / = 5.2 Hz, /= 11.6 Hz, IH), 3.88 (s. IH), 
3.78 (m, 2H), 3.68 (m, 2H), 3.35 (t, 7 = 2.4 Hz, IH), 2.99 (m, 3H), 2.87 (m, IH), 2.76 
(m, 3H). 2.61 (dd, 7 = 3.2 Hz, 7 = 1 1.6 Hz, IH), 2.48 (m, 2H). 1 .89 (t, 7 = 1 1.2 Hz, 
IH), 1.55 (t. 7 = 10.4 Hz, IH); HPLC-MS (ES) 696.3 (M+1). 

20 EXAMPLE 25 

(af?,Y5,2S)-A/-((35,45)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl)-Y-hydroxy-a- 
(3-pyridinylmethyl)-4-(thieno[2,3-fe]thien-2-ylmethyl)-2-[[(2,2,2- 
trifluoroethvDaminokarbonYll-l-piperazinepentanamide 



5 trifluoroethvl)amino1carbonvll-l-piperazinepentanamide 




F F 



The title compound was obtained following the procedure described in 
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Step A 




To a solution of 2-thieno-[2,3-b]thiophenecarboxyIic acid (prepared as 
5 described in Gronowitz, S,; Persson, B. Acta Chem, Scand., 1967, 27. 812-813) 

(0.981 g, 5.32 mmol) in benzene (38 mL) was added methanol (13 mL), followed by 
trimethylsilyldiazomethane (3.99 mL of a 1.5 M solution in hexane, 7.99 mmol). 
After 20 min at ambient temperature the reaction was quenched by the addition of 
acetic acid (5 mL), and the solution was concentrated in vacuo. This methyl ester was 

10 dissolved in THF (15 mL) and cooled to 0 oc. To this solution was added lithium 
aluminum hydride (10.6 mL of a 1.0 M solution in THF, 10.6 mmol). After 20 min 
the reaction was quenched by the addition of 20% aqueous NaOH (20 mL). The 
mixture was diluted with ethyl acetate (100 mL) and washed with brine (100 mL). 
The organic layer was dried (MgS04) and concentrated in vacuo. The resulting 

15 alcohol was dissolved in dichloromethane (25 mL), and celite (100 mg) was added to 
the reaction, followed by pyridinium chlorochromate (1.57 g, 7.28 mmol). After 90 
min the reaction was diluted with diethyl ether (200 mL) and filtered through celite. 
The liquid was concentrated in vacuo. Purification by flash chromatography (11% 
ethyl acetate in hexane) afforded the aldehyde. iH NMR (CDCI3, 400 MHz) 9.94 (s, 

20 IH). 7.93 (s, IH), 7.44 (d, IH), 7.33 (d, IH). 

StepB (aR,Y5,25)-A/'-((3S,4S)-3,4.dihydro-3-hydroxy-2//-l-benzopyran^-yl)- 
Y-hydroxy-a-(3-pyridinylmethyl)-4-(thieno[2,3-6]thien-2-ylmethyl)-2- 
rr(2,2.2-triflu oroethvl)aminolcarbonvll-l-piperazinepentanamide 

25 
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The title compound was obtained following the procedure described in 
Example 12, Step E» starting with the intermediate prepared in Example 23, Step F 
(357 mg, 0.632 mmol) and the aldehyde prepared in Step A (220 mg, 1.32 mmol). 
Purification by flash chromatography (7.5% methanol in ethyl acetate) afforded the 
5 title compound as a white solid. iH ^fMR (CD3OD, 400 MHz) 8.40 (d, 7 = 2 Hz, 

IH), 8.35 (dd, y = 1 .6 Hz, / = 4.8 Hz, IH), 7.74 (dt, 7 = 1.6 Hz, 7 = 8.0 Hz, IH), 7.39 
(d. 7 = 5.2 Hz, IH), 7.33 (dd, 7 = 4.8 Hz, 7 = 3.2 Hz, IH), 7. 16 (d, 7 = 5.2 Hz, IH), 
7.12 (m, 3H), 6.80 (dt, 7 = 0.8 Hz, 7 = 6.8 Hz, IH), 6.73 (d, 7 = 8 Hz. IH), 5.81 (d, 7 = 
4 Hz, IH), 4.03 (m, 3H), 3.78 (m, 3H), 3.04 (m, 4H), 2.79 (m, 2H), 2.67 (m, IH), 2.56 
10 (dd, 7 = 7.6 Hz, 7 = 3.2 Hz, IH), 2.45 (m, 4H), 2.08 (dt, 7 = 2.4 Hz, 7 = 10.4 Hz, IH); 
HPLC-MS (ES) 718.4 (M+1). 

EXAMPLE 26 

(a/?,Y5,25)-4-[(2,6-difluorophenyl)methyI]-iV-((35,4S)-3,4-dihydro-3-hydroxy-2//-l- 
15 benzopyran-4-yl)-Y-hydroxy-a-(3-pyridinylmethyl)-2- 

[f(2.2,2trifluoroethvnamino1carbonvlVl-piperazinepentanamide 




The title compound was obtained following the procedure described in 
20 Example 12, Step E, starting with the intermediate prepared in Example 23, Step F 
(50 mg, 0.089 mmol) and 2.6-difIuorobenzaldehyde (25 mg, 0.178 mmol). 
Purification by flash chromatography (10% methanol in ethyl acetate) afforded the 
title compound as a white solid. iH NMR (CD3OD, 400 MHz) 8.40 (s, IH), 8.36 

(dd, 7 = 3.6 Hz. 7 = 1.2 Hz, IH), 7.74 (d. 7 = 8.0 Hz, IH), 7.35 (m, 2H), 7.10 (m, 2H), 
25 7.01 (q, 7 = 7.6 Hz, 2H), 6.82 (t, 7 = 7.6 Hz. IH), 6.74 (d, 7 = 8.4 Hz, IH), 5.18 (d, 7 = 
4.0 Hz, IH), 4.03 (m, 3H), 3.77 (m, 2H), 3.70 (m. 3H), 3.0 (m, 4H), 2.9 (m, 2H). 2.78 
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(m, 2H), 2.60 (m. 2H), 2.53 (m, IH), 2.38 (m, 4H), 2.06 (in, IH), 1.40 (m, IH); 
HPLC-MS (ES) 692.2 (M+1). 

EXAMPLE 27 

5 (a/?,Y5,2S)-//-((35,45)-3,4-dihydro-3-hydroxy-27/- 1 -benzopyran-4-yI)-Y-hydroxy-a- 
(3-pyridinyImethyl)-4-(thieno[3,2-b]thien-2-ylmethyI)-2-[[(2,2,2- 
trifluoroethvl)amino1carbonvn-l-piperazinepentanamide 




Step A 

O 



10 




To a solution of thieno[3,2-B]thiophene (100 mg, 0.700 mmol) in 
DMF (5 mL) at 0 ©C was added POCI3 (1 10 mg, 0.700 mmol). The mixture was 

slowly heated to 100 OC over 1 hour and stirred at that temperature for 3 hours. The 
mixture was then cooled to ambient temperature and poured onto cold water (100 

15 mL). The pH was adjusted to 6 with solid sodium acetate, and the mixture was 

extracted with diethyl ether (100 mL). The organic layer was washed with saturated 
aqueous NaHCOs (100 mL) and brine (100 mL), dried (MgS04) and concentrated in 
vacuo. Purification by flash chromatography (10% ethyl acetate in hexane) afforded 
the title compound as a yellow solid. iH NMR (CDCI3, 400 MHz) 9.98 (s, IH), 7.97 

20 (s, IH), 7.70 (d, IH), 7.35 (d, IH). 

StepB (a/?,Y5.2S)-A^-((3S,45)-3.4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)- 
Y-hydroxy-a-(3-pyridinylmethyl)-4-(thieno[3,2-b]thien-2-y1methyl)-2- 
rf(2.2.2 -trifluoroethvl)amino1carbonvn-l-pipera2inepentanamide 
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10 



The title compound was obtained following the procedure described in 
Exannple 12, Step E, starting with the intermediate prepared in Example 23, Step F 
(50 mg, 0.089 mmol) and the aldehyde prepared in Step A (22.6 mg, 0.13 mmol). 
Purification by flash chromatography (13% methanol in ethyl acetate) afforded the 
title compound as a white solid. iH NMR (CD3OD, 400 MHz) 8.40 (s, IH), 8.36 (d, 

J = 3.6 Hz, IH), 7.75 (d, J = 7.6 Hz, IH), 7.44 (d, J = 5.2 Hz, IH), 7.33 (dd, J = 4.8 
Hz, / = 8.0 Hz, IH), 7.24 (d, J = 5.2 Hz, IH), 7.20 (s. IH), 7. 13 (d, J = 7.6 Hz, IH), 
7.09 (t, J = 7.6 Hz, IH), 6.82 (t, J = 7.2 Hz, IH), 6.73 (d, J = 8.0 Hz, IH), 5.18 (d, J = 
4.0 Hz, IH), 4.02 (m. 3H), 3.83 (m. 4H), 3.16 (dd, 7= 3.2 Hz, / = 7.2 Hz, IH) 3.03 
(m, 4H), 2.83 (m. 3H), 2.70 (m, IH), 2.62 (t, J = 8.4 Hz, IH), 2.42 (m, 5H), 2.08 (t, J 
= 11.6 Hz, IH), 1.43 (m, IH); HPLC-MS (ES) 718.1 (M+1). 



EXAMPLE 28 

1 5 (oti?,Y5,2S)-A^-((35,45)-3 ,4-dihydro-3-hydroxy-2//- 1 -benzopyran-4-yl)-Y-hydroxy- 
4-[(7-methoxy-2-benzofuranyl)methyl]-a-(3-pyridinylmethyl)-2-[[(2,2,2- 
trifluoroethvnaminolcarbonylVl-piperazinepentanamide 




20 



25 



The title compound was obtained following the procedure described in 
Example 12, Step E, starting with the intermediate prepared in Example 23, Step F 
(53.1 mg, 0.094 mmol) and the aldehyde prepared in Example 18, Step A (33.1 mg, 
0.188 mmol). Purification by flash chromatography (10% methanol in ethyl acetate) 
afforded the title compound as a white solid. iH NMR (CD3OD, 400 MHz) 8.34 (s, 

IH), 8.28 (d, J = 4.8 Hz, IH), 7.67 (d, J = 8.0 Hz, IH), 7.26 (dd, J = 4.8 Hz, J = 8.0 
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Hz, IH). 7.05 (m, 3H), 6.77 (m, 2H), 6.67 (d, J = 8.0 Hz, IH), 6.63 (s, IH), 5.1 1 (d, / 
= 4.0 Hz, IH), 3.98 (m. 3H), 3.89 (s, 3H), 3.67 (m, 3H), 3.06 (dd, /= 3.2 Hz, J = 7.2 
Hz, IH), 2.91 (m, IH), 2.74 (m, 2H), 2.65 (m, IH), 2.54 (m, IH), 2.43 (m, IH). 2.35 
(d, J = 6.8 Hz, IH). 2.00 (t, 7 = 11.6 Hz. IH), 1.36 (t, IH); HPLC-MS (ES) 726.3 
5 (M+1), 

EXAMPLE 29 

(a/?,YS,25)-A^-((35,4S)-3,4-dihydro-3-hydroxy-2f/-l-benzopyran-4-yl)-Y-hydroxy-a^ 
(3-pyridinylmethyl)-4-[[5-(2-thienyl)-2-furanyl]methyI]-2-[[(2,2,2- 
10 trifluoroethvDaminolcarbonvn-l-piDerazinepentanamide 




Step A 




15 

To a solution of 5-bromo-2-furaldehyde (20 g, 0.1 1 mol) in benzene 
(100 mL) was added ethylene glycol (16 mL, 0.28 mol) and p-toluenesulfonic acid 
(290 mg, 1.5 mmol). The reaction was heated to reflux for 16 hours with azeotropic 
removal of water, then cooled to ambient temperature and diluted with diethyl ether 
20 (1.5 L). The solution was washed with saturated aqueous NaHCOs (150 mL) and 
brine (200 mL), dried (MgS04), and concentrated in vacuo, affording 23 g of a 
colorless oil. A portion of this material (3.0 g, 14 mmol) was dissolved in DMF (8 
mL). To this solution was added 2-(tributy]stannyl)thiophene (5.2 mL, 16 mmol) and 
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tetrakis(triphenylphosphine)-palIadium(0) (560 mg, 0.48 mmol). The mixture was 
heated to 100 OC for 3 hours, then cooled to ambient temperature. The reaction was 
diluted with ethyl acetate (300 mL) and washed with 0.5 N aqueous NaHCOs (125 
mL x3) and brine (125 mL), dried (MgS04) and concentrated in vacuo. Purification 

5 by flash chromatography (10% ethyl acetate in hexane) afforded the title compound, 
IH NMR (CDCI3, 400 MHz) 7.30 (m, 2H), 7.25 (d, IH), 7.05 (t, IH), 6.50 (d, IH), 

6.46 (d, IH), 5.99 (s, IH), 4.18 (m, 2H), 4.05 (m, 2H). 
StepB 



10 




To a solution of the intermediate prepared in Step A (1,28 g, 5.75 
mmol) in THF (35 mL) was added 1 N aqueous HCI (25 mL, 25 mmol). After 16 
hours at ambient temperature the reaction was poured onto saturated aqueous 
NaHC03 (500 mL) and extracted with ethyl acetate (IL). The organic layer was 
15 dried (MgS04) and concentrated in vacuo, affording the title compound as an orange 
oil. IH NMR (CDCI3, 400 MHz) 9.63 (s, IH), 7.53 (d, IH), 7.41 (d, IH), 7.31 (d, 
IH), 7,28 (d, IH), 7.14 (t, IH), 6.69 (d. IH). 

Step C (cxR,Y5,25)-A^-((3S,45)-3,4-dihydro-3-hydroxy-2H- 1 -benzopyran-4-yI)- 

20 Y-hydroxy-a-(3-pyridinylmethyl)-4-[[5-(2-thienyI)-2-furanyl]methyl]- 
2-rrf2.2.2-trifluoroethvnaminolcarbonvlM>piperazinepentanamide 

The title compound was obtained following the procedure described in 
Example 12, Step E, starting with the intermediate prepared in Example 23, Step F 
25 (43.3 mg, 0.0766 mmol) and the aldehyde prepared in Step B (29.4 mg, 0.165 mmol). 
Purification by flash chromatography (7% methanol in dichloromethane) afforded the 
title compound as a white solid. iH NMR (CDCI3, 500 MHz) 9.14 (s, IH) 8.39 (d, / 

= 4.1 Hz, IH), 8.37 (s, IH), 7.56 (d, / = 7.8 Hz, IH), 7.28 (m, 3H), 7.10 (m, 3H), 6.80 
(t, J = 8.0 Hz, 2H), 6.60 (d, J = 8.3 Hz, IH), 6.46 (d, J = 3.4 Hz, IH), 6.30 (d, / = 2.2 
30 Hz, IH), 5.22 (dd, 7 = 4.1 Hz, 7 = 8.0 Hz, IH), 4.10 Hz, (m, 3H), 3.82 (m. 2H), 3.69 
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(d. 7= 14.0 Hz, 2H), 3.55 (m, 3H), 3.34 (s, IH), 2.97 (m, 4H). 2.70 (m, 3H), 2.53 (dd, 
7 = 3.0Hz, y = 1 1 .7 Hz, IH), 2.43 (m. 2H), 1.86 (t, IH), 1.50 (t, IH); HPLC-MS (ES) 
728.3 (M+1). 

EXAMPLE 30 

(a/?,yS,25)-Ar-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-4- 
[(l-phenyl-l//-pyiTol-3-yl)methy]]-a-(3-pyridinylmethyl)-2-[((2,2,2- 
trifluoroethvDaminolcarbonvn-l-piperazineDentanamide . 



10 




The title compound was obtained following the procedure described in 
Example 12, Step E, starting with the intermediate prepared in Example 23, Step F 
(52.7 mg, 0.0934 mmol) and the aldehyde prepared in Example 19, Step A (47.9 mg, 

15 0.280 mmol). Purification by flash chromatography (10% methanol in ethyl acetate) 
afforded the title compound as a white solid. iH NMR (CDCI3, 400 MHz) 9.38 (s. 
IH), 8.44 (s, 2H). 7.56 (d, J = 7.6 Hz, IH). 7.45 (t, / = 8.4 Hz. IH). 7.37 (d. / = 7.6 
Hz. IH), 7.24 (d. 7= 12.8 Hz, IH), 7.12 (m, 3H), 6.99 (s, IH), 6.83 (t, J = 9.6 Hz, 
IH), 6.42 (s, IH), 6.22 (s. IH), 5.22 (dd. J= 1.6 Hz, IH), 4.15 (m, IH), 4.11 (d, J = 

20 10.4 Hz. IH). 4.00 (dd, 7= 11.6 Hz, IH), 3.88 (s, IH). 3.78 (t, 7= 10.0 Hz, 1H).3.69 
(m. IH), 3.55 (d. 7= 13.2 Hz, IH), 3.44 (d. 7 = 13.2 Hz, IH), 3.34 (s, IH), 3.09 (d, 7 
= 12.0 Hz, IH), 3.00 (d. 7= 10.0 Hz, IH), 2.46 (d, 7= 10.8 Hz, IH), 2.31 (t, 7 = 7.6 
Hz, IH), 1.88 (t. 7= 11.2 Hz. IH), 1.55 (t, 7= 10.4 Hz, IH); HPLC-MS (ES) 721.4 
(M+1). 

25 

EXAMPLE 31 
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(a/?,Y5,25)-A^-((35,45)-3.4-dihydro-3-hydroxy-2ff-l-benzopyran-4-yl>Y-^ 
phenyI4//-imidazol-4«yl)methyl]-a-(3-pyridinyIiTiethyl)-2-[((2,2,2- 

trifluoroethvDaminolcarbonvn-l'piperazinepentanainide 



Example 12, Step E, starting with the intermediate prepared in Example 23, Step F 
(90 mg, 0.160 mmol) and the aldehyde prepared in Example 20, Step B (14 mg, 0.081 
10 mmol). Purification by flash chromatography (15% methanol in ethyl acetate) 

afforded the title compound as a white solid. iH NMR (CD3OD, 400 MHz) 8.41 (s, 

IH), 8.36 (dd, 7 = 1.2 Hz, 7 = 4.8 Hz, IH) 8.09 (d, 7 = 1.2 Hz, IH). 7.74 (d, J = 7.6 
Hz, IH), 7.54 (m, 5H), 7.36 (m, 2H), 7.12 (m, 2H), 6.83 (dt, /= 1.2 Hz, 7 = 7.6 Hz, 
IH), 6.73 (d, 7 = 7.2 Hz, IH), 5.18 (d, 7 = 4.0 Hz, IH), 4.00 (m, 3H), 3.77 (m, 3H), 
15 3.59 (s, 2H), 3. 12 (dd, 7 = 3.2 Hz, 7 = 7.6 Hz. IH). 3.01 (m, 3H), 2.79 (m, 2H). 2.70 
(m, IH). 2.62 (m. IH), 2.54 (m, IH), 2.42 (m, 3H). 2.09 (t. 7 = 1 1.2 Hz, IH), 1 .41 (m, 
2H), 1.28 (s. IH); HPLC-MS (ES) 722.4 (M+1). 

EXAMPLE 32 

20 (a/?,YS,25)-iV-((35.45)-3,4-dihydro-3-hydroxy-27f-l-benzopyran-4-yl)-Y-hydroxy-4- 
[[5-(5-melhyl-2-thienyl)-2-furanyl]methyl]-aK3-pyridinylmethyl)-2-[[(2.2,2- 
trifluoroethvl)amino1carbonvn-l-piperazinepentanamide 




5 



The title compound was obtained following the procedure described in 
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O^NH 




Step A 




10 



15 



To a solution of the intermediate prepared in Example 29, Step A (1.00 
g, 4.50 mmol) in THF (25 mL) at -78 OQ was added sec-butyllithium (4.15 mL of a 
1.3 M solution in cyclohexane. 5.40 mmol). After 30 min the reaction was warmed to 
-50 oc for 1 hour, then re-cooled to -78 oc. lodomethane (0.309 mL, 4.95 mmol) 
was added, and the reaction was wanned to 0 oc and stirred for 1 hour. The reaction 
was quenched by the slow addition of saturated aqueous NH4CI (20 mL) and diluted 
with ethyl acetate (200 mL). The organic layer was washed with saturated aqueous 
NaHC03 (100 mL), brine (100 mL). dried (MgS04), and concentrated in vacuo. 
Purification by flash chromatography (10% ethyl acetate in hexane) afforded the title 
compound. iH NMR (CDCI3, 400 MHz) 7.08 (d, IH), 6.69 (d, IH). 6.48 (d, IH). 
6.36 (d. IH), 5.98 (s, IH). 2.53 (s. 3H). 



StepB 
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To a solution of the intermediate prepared in Step A (912 mg, 3.86 
mmol) in THF (20 mL) at 0 oc was added 1 N aqueous HCl (10 niL, 10 mmol). 
After 1 hour the reaction was quenched by the slow addition of saturated aqueous 
5 NaHCOs (50 mL), and diluted with ethyl acetate (200 mL). The organic layer was 
washed with brine (200 mL), dried (MgS04), and concentrated in vacuo, affording 
the title compound, which was used without further purification. iH NMR (CDCI3, 
400 MHz) 9.60 (s, IH), 7.37 (d, IH), 7.28 (d, IH), 6.79 (d, IH), 6.59 (d. IH), 2.57 (s, 
3H). 

10 

StepC (ot/?,Y5,25)-A^-((35,45)-3,4-dihydro-3-hydroxy-2f/-l-benzopyran-4-yI)- 
Y-hydroxy-4-[[5-(5-methyl-2-thienyl)-2-furanyl]methyl]-a-(3- 
pyridinylmethyl)-2-[[(2,2,2-trifluoroethyl)arainoJcarbonyl]- 1 - 
piperazinepentanamide 

15 

The title compound was obtained following the procedure described in 
Example 12, Step E, starting with the intermediate prepared in Example 23, Step F 
(404 mg, 0.716 mmol) and the aldehyde prepared in Step B (291 mg, 1.51 nmiol). 
Purification by flash chromatography (5% methanol in ethyl acetate) afforded the title 
20 compound as a white solid. iH NMR (CDCI3, 500 MHz) 9.18 (s, IH), 8.35 (d, 7 = 

4.6 Hz, IH), 8.30 (s, IH), 7.53 (d, / = 7.5 Hz. IH) 7.20 (t, / = 5.0 Hz, IH). 7.10 (m, 
2H), 7.02 (d, J = 3.4 Hz, IH), 6.77 (m, 4H), 6.35 (d, 7 = 3.2 Hz, IH), 6.26 (d, J = 3.0 
Hz. IH), 5.21 (m, IH), 4.08 (m, 4H), 3.79 (m, 2H), 3.68 (d, J = 14.0 Hz, 2H), 3.52 
(m, 3H), 332 (s. IH), 2.93 (m, 4H), 2.67 (m, 4H), 2.50 (s, 3H), 2.44 (m, 4H), 1.85 (t, 
25 IH). 1.47 (t, IH); HPLC-MS (ES) 742.3 (M+1). 

EXAMPLE 33 

(aR,YS.25)-Af-((35.45)-3 .4-dihydro-3-hydroxy-2i/- 1 -benzopyran-4-yl)-Y-hydroxy-4- 
[(5-phenyl-2-furanyl)methyl]-a-(4-pyridinylmethyl)-2-[[(2,2,2- 
30 trifluoroethv1)aminolcarbonvn-l-Diperazinepentanamide 
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Step A 




10 



15 



20 



To a solution of 3-(4-pyridyl>acryIic acid (25.0 g, 168 mmol) in 1:1 
ethanol:THF (250 mL) was added 10% Pd(0)/C (2.50 g). The reaction vessel was 
placed under 1 10 psi of Hz until 1 .0 equivalent of H2 had been consumed as indicated 
by a pressure drop in the reaction vessel. The mixture was then diluted with 1 L of 
hot methanol and filtered through celite. rinsing with hot methanol. The liquid 
obtained was concentrated in vacuo, affording 1 1.0 g (43% of 3-(4-pyridyl)-propionic 
acid. This material was dissolved in DMF (300 mL), and to this solution was added 
the aminochromanol intermediate from Example 1. Step L (12.0 g, 72.5 mmol), 
HOBT (11.7 g, 87.0 mmol), di-wo-propylethylamine (27.8 mL. 159 mmol) and 
HBTU (27.5 g. 72.5 mmol). After 2 hours at ambient temperature, the reaction was 
quenched with 0.5 N aqueous NaHCOs (500 mL) and diluted with ethyl acetate (1 L). 
The organic layer was washed with 0.5 N NaHC03 (300 mL x3), brine (300 mL), 
dried (MgS04), and concentrated in vacuo, affording 13.2 g (61%) of the amide as a 
white solid. A portion of this material (2.27 g, 7.61 mmol) was dissolved in 
dichloromethane (100 mL). and 2-methoxypropene (3.64 mL. 38 mmol) was added, 
followed by camphorsulfonic acid (1.20 g. 5.17 mmol). After 3 hours at ambient 
temperature the reaction was quenched by the addition of 1.4 mL of triethylamine, 
and concentrated in vacuo. PurificaUon by flash chromatography (3% methanol in 

- 179- 



wo 01/38332 



PCTAJSOO/32089 



ethyl acetate) afforded the title compound as a clear oil. iH NMR (CDCI3, 400 MHz) 
8.55 (d, 2H), 7.58 (s, IH), 7.26 (m, 3H), 7.00 (d, IH). 6.84 (t, IH), 5.81 (s, IH), 4.88 
(s, IH), 4.40 (d, 2H), 4.18 (m, 3H), 3.02 (m, 3H), 2.70 (m. IH), 1.62 (s, 3H), 1.30 (s, 
IH). 



10 Example 1, Step N, using the intermediate prepared in Step A (3.89 g, 1 1.5 mmol). 
Purification by flash chromatography (80% ethyl acetate in hexane) afforded the title 
compound as a colorless oil. NMR revealed a 3:1 mixture of rotamers. iH NMR 
of the major rotamer: (CDCI3, 400 MHz) 8.60 (d, IH), 7.26 (d, IH), 7.20 (d, IH), 

7.10 (t. IH), 6.80 (d, IH). 6.50 (t, IH), 6.23 (d, IH), 5.85 (m, IH), 5.20 (d, 2H), 4.99 
15 (d, IH), 4.40 (dd, IH), 4.20 (dd, IH). 3.40 (dd, IH), 3.20 (m, IH), 2.80 (m, IH), 2.42 
(m. 2H), 1.70 (s, 3H), 1.44 (s, 3H). 



5 



StepB 




The title compound was obtained following the procedure described in 



StepC 




20 
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The title compound was obtained following the two step procedure 
described in Example 1. Steps O and P. using the intermediate prepared in Step B 
(3.32 g. 8.78 mmol). Purification by flash chromatography (2% methanol in ethyl 
acetate) afforded the title compound as a colorless oil. iH NMR revealed a 31 
mixture of rotamers. iH NMR of the major rotamer (CDCI3, 400 MHz) 8.60 (d. 2H). 
7.26 (d, 2H), 7.17 (d, IH). 7.13 (t. IH). 6.63 (d, IH), 6.58 (t, IH). 6.38 (d. IH). 5.39 ' 
(d, IH). 4.43 (dd. IH). 4.40 (d, IH), 4.25 (d, IH). 3.40 (m, 2H), 3.00 (m. IH). 2 80 
(m. 2H), 2.57 (t, IH), 1.78 (s. 3H). 1.30 (s, 3H) 



10 StepD 



O^NH 




15 



20 



The title compound was obtained following the procedure described in 
Example 1. Step Q, using the intermediate prepared in Step C (1.89 g. 4.80 mmol) 
and the piperazine intermediate prepared in Example 12, Step B (1.50 g. 4.80 mmol). 
Purification by flash chromatography (4% methanol in ethyl acetate) provided the title 
compound as a yellow gum. 1h NMR (CDCI3, 400 MHz) 8.60 (d, 2H), 7.35 (s. IH, 
7.22 (d, 2H). 7.10 (m. 2H). 6.81 (d. IH), 6.63 (t, IH), 6.50 (d, IH), 5.60 (s, IH) 4 40 
(m. 2H), 4.20 (d. IH). 3.95 (dd. IH). 3.90 (t. IH). 3.70 (m, 2H). 3.40 (m, 2H). 3.20 ( 
2H), 3.08 (m, IH), 2.93 (m. IH). 2.80 (m. IH). 2.42 (m. IH), 1.80 (s. 3H) 1 45 (s 
9H),1.28(s,3H). ' ■ 
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StepE 




The title compound was obtained as a white solid following the 

5 procedure described in Example 12, Step D, using the intermediate prepared in Step D 
(2.13 g. 3.02 mmol). iH NMR (CD3OD, 400 MHz) 8.40 (d, 2H). 7.38 (m, 3H), 7.16 

(m, 2H), 6.86 (t, IH), 6.77 (d, IH), 5.20 (d, IH), 4.10 (m, 2H), 4.00 (m, IH), 3.80 (m, 
3H), 3.18 (m, IH), 2.90 (m, 4H), 2.45 (dd, IH). 2.35 (dd, IH), 2.26 (m, IH), 1.07 (m, 
IH), 1.40 (m, IH), 1.08 (d, IH). 

10 

StepF (a/?,Y5,25)-//-((3S,4S)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)- 
Y-hydroxy-4-[(5-phenyl-2-furanyl)methyl]-a-(4-pyridinylmethyl)-2- 
frf2.2>2-trifluoroethvl)aminolcarbonvn'l-piperazinepentanamide 

15 The title compound was obtained following the procedure described in 

Example 12, Step E, starting with the intermediate prepared in Example 33, Step E 
(104 mg, 0.184 mmol) and the aldehyde prepared in Example 23, Step G (74 mg, 
0.431 mmol). Purification by tritration of the crude material with diethyl ether 
afforded the title compound as a white solid. iH NMR (CD3OD, 400 MHz) 8.39 (dd, 

20 7 = 1 .6 Hz, J = 4.7 Hz, 2H), 7.66 (d, J = 8.4 Hz, 2H), 7.36 (t, J = 7.4 Hz, IH), 7.32 (d, 
7 = 6.1 Hz, 2H), 7.24 (t, J = 7.4 Hz, IH), 7.10 (m, 2H), 6.83 (dt, 7 = 1.1 Hz, 7 = 7.7 
Hz, IH), 6.74 (d, 7 = 8.2 Hz, IH), 6.70 (d, 7 = 3.3 Hz, IH), 6.39 (d, 7 = 3.3 Hz, IH), 
5.18 (d, 7 = 4.1 Hz, IH), 4.07 (m, 3H), 3.80 (m, 3H). 3.67 (s, 2H), 3.09 (dd, 7 = 3.2 
Hz, 7= 8.0 Hz, 2H), 3.00 (m, 2H), 2.81 (m. 3H). 2.57 (m, 2H), 2.42 (m. 3H), 2.08 (t, 

25 IH), 1.39 (t, IH); HPLC-MS (ES) 722.5 (M+l). 

-182- 



wo 01/38332 



PCTAJSOO/32089 



EXAMPLE 34 

(a/?,Y5,25)-4-(2-benzofuranylmethyl)-iV-((35.45)-3,4-dihydro-3-hydroxy-2fl-l- 
5 benzopyran-4-yl)-Y-hydroxy-a-(4-pyridinylmethyl)-2-[[(2,2,2- 

trifluoroethvDaminolcarbonvn-l-piperazinepentanatnide 




The tiUe compound was obtained following the procedure described in 
Example 12, Step E, starting with the intermediate prepared in Example 33, Step E 

10 (50 mg, 0.088 mmol) and benzofuran-2-carboxaldehyde (30 mg, 0.20 mmol). 

Purification by flash chromatography (4% methanol in ethyl acetate) afforded the title 
compound as a white solid. iH NMR (CDCI3, 400 MHz) 9.22 (s, IH), 8.49 (d, J = 
5.3 Hz, 2H), 7.56 (d, / = 7.4 Hz. IH). 7.43 (d, / = 8.0 Hz, IH), 7.32 (dt. / = 1 .3 Hz, y 
= 8.0 Hz, IH), 7.27 (d. 7 = 0.6 Hz. 2H), 7. 17 (m. 3H), 6.82 (d, 7 = 8.2 Hz, 2H), 6.65 

15 (s. IH), 6.39 (d. IH). 5.20 (dd, IH), 4.09 (m, 2H), 4.01 (m, IH). 3.82 (m, IH). 3.79 
(m. 2H), 3.66 (m. 3H). 3.35 (s. IH). 3.03 (m. 4H). 2.70 (m. 5H). 2.46 (d, J = 10.6 Hz. 
2H), 1.87 (t, IH), 1.58 (t, IH); HPLC-MS (ES) 696.4 (M+1). 

EXAMPLE 35 

20 (a/?,Y5,2S)-7V-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yI)-Y-hydroxy-4- 
[l-methyl-l-[5-(4-pyridinyl)-2-furanyI]ethyl]-a-(phenylmethyl)-2-[[(2,2,2- 
trifluoroethvnamino1carbonvll-l-piperazinepentan amide 
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F 



O 



Step A 



N 




10 



15 



To a solution of 2-(tributylstannyl)-furan (52.1 mL, 165 mmol) in 
DMF (1.6 L) was added di-wo-propylethylamine (43.0 mL, 248 mmol), and 4- 
bromopyridine hydrochloride (35.4 g, 182 mmol), followed by 
tetrakis(triphenylphosphine)-palladium(0) (5.74 g, 49.7 mmol). The solution was 
heated to 100 oC for 4 hours, then cooled to ambient temperature and diluted with 2 L 
of diethyl ether. The organic layer was washed with 50% saturated aqueous KF (1 L 
x2), followed by saturated aqueous NaHCOs (1 L), and brine (1 L). The organic layer 
was dried (MgS04) and concentrated in vacuo. Purification by flash chromatography 
(35% ethyl acetate in hexane) afforded the title compound as a white solid. NMR 



(CDCI3, 400 MHz) 8.61 (d, 2H). 7.58 (d, IH), 7.54 (d, 2H), 6.86 (d. IH), 6.50 (t. IH). 



To a solution of the intermediate prepared in Step A (1 1.3 g, 78.3 
mmol) in THF (300 mL) at -78 oc was added ^ec-butyllithium (66.3 mL of a 1.3 M 
solution in cyclohexane, 86.1 mmol). After 1 hour at -78 oC, N-methoxy-N- 
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StepB 



O 




I 
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methylacetamide (9.69 g, 94.0 mmol) was added. After 5 hours at -78 oc the reaction 
was quenched by the addition of saturated aqueous NH4CI (500 mL), warmed to 
ambient temperature, and diluted with ethyl acetate (500 mL). The organic layer was 
washed with saturated aqueous NaHCOa (500 mL), brine (500 mL), dried (MgS04), 
5 and concentrated in vacuo. Purification by flash chromatography (80% ethyl acetate 
in hexane) afforded the title compound as a yellow solid. iR NMR (CDCI3. 400 
MHz) 8.70 (d, 2H), 7.63 (d, 2H), 7.30 (d, IH), 6.99 (d, IH), 2.56 (s, 3H) 

StepC 



10 




To a solution of the piperazine intermediate prepared in Example 12, 
Step A (18.2 g, 46.1 mmol) in dichloromethane (200 mL) was added trifluoroacetic 
acid (100 mL). After 1 hour the reaction was concentrated to a minimum mass under 

15 high vacuum, affording a colorless oil. To this material was slowly added 

trimethylsilyl cyanide (50 mL) via cannula under a vented atmosphere of nitrogen 
(Caution-HCN evolution). To this solution was then added the ketone intermediate 
prepared in Step B (6.63 g, 35.4 mmol). The resulting mixture was heated to 60 oc 
for 3 hours, then cooled to ambient temperature. The reaction was added slowly to a 

20 well stirred mixture of ice and 50% aqueous NH4OH via cannula. This solution was 
extracted with ethyl acetate (500 mL x2), and the organic layers were washed with 
brine (500 mL), dried (MgS04), and concentrated in vacuo. Purification by flash 
chromatography (80% ethyl acetate in hexane) afforded the title compound (1:1 
mixture of diastereomers) as a yellow solid. 

25 

Step D 
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To a solution of the intermediate prepared in Step C (8.62 17.6 
mmol) in THF (90 mL) was added thiosalicilic acid (4.06 g, 23.3 mmpl). In a 
5 separate flask was prepared a solution of dipalladium(0)tris(dibenzylidineacetone) 
(804 mg, 0.877 mmol) and 1.4-bis(diphenylphosphino)butane (1. 01 g, 1.76 mmol) in 
THF (90 mL). The palladium(O) solution was added to the reaction mixture via 
cannula. After 2 hours, the reaction was quenched by the addition of 1% aqueous HCl 
(100 mL). The mixture was diluted with diethyl ether (300 mL) was washed with 1% 

10 aqueous HCl (100 mL x3). The combine aqueous layers were brought to pH 8 with 
saturated aqueous NaHCOs, and extracted with ethyl acetate (300 mL). This organic 
layer was washed with brine, dried (MgS04) and concentrated in vacuo. The 
resulting oil was dissolved in L2-dimethoxyethane (200 mL) and cooled to -20 oc. 
To this solution was added methylmagnesium chloride (SO mL of a 3.0 M solution in 

15 THF, 150 mmol), and the suspension was stirred at 20 for 20 hours. The reaction 
was quenched by the slow addition of saturated aqueous NH4CI (100 mL) and 

warmed to ambient temperature. The mixture was diluted with ethyl acetate (400 
mL). The organic layer was washed with saturated aqueous NaHCOs (200 mL) and 
brine (200 mL), dried (MgS04), and concentrated in vacuo. Purification by flash 

20 chromatography (5% methanol in acetone) afforded the title compound as a beige 
solid. iH NMR (CDCI3, 400 MHz) 8.60 (d, 2H), 7.95 (t, IH), 7.63 (d, 2H), 6.80 (d, 

IH), 6.23 (d, IH), 3.90 (m, 2H), 3.43 (dd, IH), 2.95 (m, IH), 3.82 (m, 2H), 2.60 (m, 
2H), 2.46 (m. IH). 1.49 (s, 3H), 1.47 (s, 3H). 

25 Step E 
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To a solution of clihydro-5(5)-(hydroxymethyl)-3(/?)-(phenylmethyl)- 
3(2//)-furanone (prepared as described in Dorsey et al., /. Med. Chem.1994, 37, 3443- 
5 345 1) (4.04 g, 19.6 mmol) in dichloromethane (50 mL) at 0 OC was added 2.6-lutidine 
(3.42 mL, 29.4 mmol) followed by trifluoromethanesulfonic acid anhydride (4.28 mL, 
25.5 mmol). After 1 hour the reaction was quenched by the addition of water (20 mL) 
and diluted with dichloromethane. The organic layer was washed with saturated 
aqueous NaHCOs (100 mL), dried (Na2S04) and concentrated in vacuo. Purification 
10 by flash chromatography (5% methanol in acetone) afforded the title compound as a 
white solid. IH NMR(CDCl3, 400 MHz) 7.32 (m,3H), 7.20 (d,2H), 4.60 (dd,lH), 
4.50 (m, 2H), 3.20 (dd, IH), 3.08 (m, IH), 2.89 (dd, IH), 2.20 (m, 2H). 
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StepF 




To a solution of the piperazine intermediate prepared in Step D (4.55 g, 
5 1 1.5 mmol) in 2-propanol (11.5 mL) at 0 OC was added di-i5o-propylethylamine (4.00 
mL, 23.0 mmol), followed by the lactone intermediate prepared in Step E (4.27 g, 
12.6 mmol). After 1 hour at 0 oc the reaction was quenched by the addition of 
saturated aqueous NaHC03 (100 mL) and diluted with ethyl acetate (200 mL). The 
organic layer was washed with brine (100 mL), dried (MgS04), and concentrated in 

10 vacuo. Purification by flash chromatography (ethyl acetate) afforded the title 

compound as a beige solid. iH NMR {CDCI3, 400 MHz) 8.60 (d, 2H), 8.54 (s. Ih), 

7.43 (d, 2H), 7.27 (m, 3H), 7.18 (d, 2H), 6.80 (d, IH), 6.28 (d, IH), 4.40 (m. IH), 
4.20 (m, IH), 3.60 (m, IH), 3.20 (m, 2H), 2.95 (m, IH). 2.80 (m, 3H), 2.50 (m, 2H), 
2.00 (m, 2H), 1.50 (s, 3H), 1.47 (s, 3H). 

15 

StepG 



-188- 



I 



wo 01/38332 



PCT/USOO/32089 




Example 23, Step using the lactone intermediate prepared in Step F (3.16 g, 5.41 
5 mmol), and the aminochromanol intermediate prepared in Example 1, Step L (1.16 g, 
7.03 mmol). Purification by flash chromatography (75% ethyl acetate in hexane) 
afforded the title compound as a white solid. iH NMR (CDCI3, 400 MHz) 8.60 (d, 
2H), 8.42 (s, IH), 7.46 (d, 2H), 7.30 (m, 3H), 7.20 (d, 2H), 7.15 (m, IH), 6.85 (t, IH), 
6.80 (d, IH), 6.28 (d, IH), 5.62 (d, IH), 5.19 (dd, IH), 4.05 (m, 2H), 3.90 (m, 2H), 
10 3.70 (m, 2H), 3,20 (t, IH), 2.80 (m, 4H), 2.60 (m, 3H), 2.34 (m, 2H), 1.50 (s, 3H), 
1.48 (s, 3H), 0.82 (s, 9H), 0.07 (s, 3H), 0.00 (s, 3H). 

StepH (aR,YS,2S)-A^-((35,4S)-3,4-dihydit>-3-hydroxy-2W-l-benzopymn-4-y^ 
Y-hydroxy^-[l-methyI-l-[5-(4-pyridinyl)-2-furanyl]ethyl]-a- 
15 (phenylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonyll-l- 

piperazinepentanamide 

To a solution of the intermediate prepared in Step G (4.12 g, 4.78 
mmol) in THF (50 mL) was added tetrabutylammonium fluoride (47.8 mL of a 1 .0 M 

20 solution in THF, 47.8 mmol). After 9 hours at ambient temperature the reaction was 
diluted with dichloromethane (300 mL) and washed with saturated aqueous NaHCOs 
(200 nnL). The organic layer was dried (Na2S04) and concentrated in vacuo. 
Purification by flash chromatography afforded the title compound as a white solid. 
IH NMR (CDCI3, 400 MHz) 9.29 (t, J = 6.4 Hz, IH), 8.62 (dd, 7 = 1.6 Hz, 7 = 4.8 

25 Hz, lH).7.47(dd, J= 1.6 Hz, 7 = 4.4 Hz, IH), 7.29 (m. 5H), 7.10 (t, 7 = 8.8 Hz, IH), 
7.06 (d, 7 = 7.6 Hz, IH), 6.34 (d, 7 = 3.2 Hz, IH), 5.95 (d, 7 = 8.0 Hz, IH), 5.16 (dd, 7 
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= 4.4 Hz, IH), 4. 13 (m, IH), 4.07 (d, J = 12.4 Hz, IH), 4.00 (dd, / = 5.2 Hz, 7 = 12.0 
Hz, IH), 3.81 (m, IH), 3.75 (t, J = 10.0 Hz, IH), 3.65 (m, IH), 3.35 (s, IH), 3.10 (d, J 
= 11 .6 Hz, 1 H). 2.86 (m, 4H), 2.64 (m, 2H), 2.39 (m, 2H), 1 .89 (t, 7 = 10.8 Hz, IH), 
1.65 (t, IH). 1.56 (s, 3H). 1.53 (s. 3H); HPLC-MS (ES) 750.4 (M+1). 

5 

EXAMPLE 36 

(ay?,Y5,2S)-A^-((35,45)-3,4-dihydro-3-hydroxy-2/f-l-benzopyran-4-yl)-Y-hydroxy-a- 
(phenylmethyl)-4-[ 1 - [5-(4-pyridinyl)- 1 -furanyl]ethyl]-2-[[(2,2,2- 
trifluoroethvnaminolcarbonvll-l-piperazinepentanainide 

0 

(a/?,YS,25)-iV-((35,4S)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-a- 
(phenylmethyl)-4-[l-[5-(4-pyridinyl)-l-furanyl]ethyl]-2-[[(2.2,2- 
trifluoroethvl)amino1carbonvll-l-piperazinepentanamide 
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Step A 




To a solution of the intermediate prepared in Example 35, Step C (740 
5 mg, 1 .56 mmol) in THF (5 mL) was added thiosalicilic acid (360 mg, 2.33 mmol). In 
a separate flask was prepared a solution of dipailadium(0)tris(dibenzylidineacetone) 
(72.5 mg, 0.079 mmol) and l,4-bis(diphenylphosphino)butane (67.4 mg, 0.158 mmol) 
in THF (5 mL). The palladium(0) solution was added to the reaction mixture via 
cannula. After 2 hours, the reaction was quenched by the addition of 1% aqueous HCl 

10 (100 mL). The mixture was diluted with diethyl ether (300 mL) was washed with 1 % 
aqueous HCl (50 mL x3). The combine aqueous layers were brought to pH 8 with 
saturated aqueous NaHCOs, and extracted with ethyl acetate (100 mL). This organic 
layer was washed with brine, dried (MgS04) and concentrated in vacuo. Purification 
by flash chromatography (7% methanol in ethyl acetate) afforded the free piperazine 

15 as a white solid. To a solution of this intermediate (313 mg, 0.770 mmol) in ethanol 
(5 mL) was added NaBH4 (582 mg, 15.4 mmol). The mixture was heated to 83 oc 
and stirred for 2.5 hours, then cooled to ambient temperature and diluted with 
dichloromethane (50 mL). The organic layer was washed with saturated aqueous 
NaHC03 (50 mL), dried (NaHCOs) and concentrated in vacuo. Purification by flash 

20 chromatography (10% methanol in dichloromethane) afforded the title compound as a 
1:1 mixture of diastereomers. iH NMR (CDCI3. 400 MHz) 8.60 (d, 2H), 7.73 (m, 
IH), 7.48 (d, 2H). 6.83 (d, IH). 6.30 (m, IH), 3.90 (m, 4H), 3.49 (m, IH) 3.00 (m, 
2H), 2.90 (m, IH), 2.80 (dd, 2H), 2.64 (m, IH). 2.55 (m. IH). 2.49 (m, IH), 2.39 (m, 
IH), 1.48 (d, 3H); HPLC-MS (ES) 383.3 (M+1) in two peaks. 1:1 ratio. 

25 
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The title compound was obtained following the procedure described in 
5 Example 1, Step Q, starting with the intermediate prepared in Example 36, Step A 
(163 mg, 0.425 mmol) and the epoxide intermediate prepared in Example 1, Step P 
(235 mg, 0.597 mmol). Purification by flash chromatography (100 : 10 : 0.5 
dichloromethane : methanol : NH4OH) afforded 220 mg (67%) of a 1:1 mixture of 

diastereomers. HPLC-MS (ES) 776.6 (M+1) as 2 peaks, 1:1 ratio. This material was 
10- further purified by chromatotron, (0-3% methanol in ethyl acetate) affording material 
enriched in the faster eluting diastereomer (Diastereomer A) and then material 
enriched in the slower eluting diastereomer (Diastereomer B). 

StepC (a/?,Y5,25)-A^-((3S.45)-3,4-dihydro-3-hydroxy-2H-l.ben2opyran-4-yl)- 
1 5 Y-hydroxy-a-(phenylmethyI)-4-[ 1 -[5-(4-pyridinyl)-l-furanyl]ethyll-2- 

ff(2,2,2-trifluoroethvl)amino1carbonvll-l'piperazinepentanamide 

The material enriched in Diastereomer A from Step B (32 mg, 41 
(xmol) was dissolved in 10 mL of a saturated solution of HCl (g) in methanol at 0 OC. 

20 The reaction was warmed to ambient temperature over 18 hours, then quenched with 
saturated aqueous NaHC03 (15 mL). The mixture was extracted with 
dichloromethane, and the organic layer was dried (Na2S04) and concentrated in 
vacuo. Purification by chromatotron (50% acetone in hexane) afforded the title 
compound as a white solid. (Diastereomer A, >95% diastereomerically pure) iH 

25 NMR (CDCI3. 500 MHz) 9.09 (s, IH), 8.61 (d. J = 4.5 Hz, 2H), 7.49 (d, / = 6.0 Hz, 
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2H), 7.28 (m, 3H), 7.23 (m, 2H). 7.08 (m, 2H), 6.87 (d, J = 3.4 Hz, IH), 6.78 (m, 2H), 
6.35 (d, J = 3.6 Hz, IH), 6.03 (d, J = 8.0 Hz, IH), 5.18 (m, IH), 4.05 (m. 3H), 3.91 (d, 
J = 6.9 Hz, IH), 3,80 (m, 3H), 3.35 (s, IH), 3.02 (d, IH), 2.89 (m, 4H). 2.73 (m, 5H), 
2.55 (m,2H), 2.45 (dd, / = 3.0 Hz, 7= 13.0 Hz. IH), 1.89 (t, IH), 1.55 (t, IH), 1.51 
5 (d, / = 6.9 Hz, 3H); HPLC-MS (ES) 736.6 (M+1). Chiral HPLC (Chiralpak AD 
column, 20% 2-propanol in hexane) indicated > 95% diastereomerically pure (tr = 

14.80 min) 

Step D (aR,YS,2S)-Ar-((35,45)-3,4-dihydro-3-hydroxy-2//- 1 -benzopyran-4-yl)- 

10 Y-hydroxy-a-(phenylmethyl)-4-[l-[5-(4-pyridinyl)-l-furanyl]ethyl]-2T 
ff(2.2.2-trifluoroethvl)aminolcarbonvn-l-piperazinepentanamide 

The title compound was obtained using the procedure described in 
Step C using the material enriched in Diastereomer B from Step B (23 mg, 30 jimol). 
15 Purification by chromatotron (150 : 10 : 1 dichloromethane : methanol : NH4OH) 

afforded 10 mg (46%) of a mixture of diastereomers with no appreciable 
diastereomeric enrichment over the starting material. A saturated solution of this 
material in 2-propanol was prepared, and 1 mL of this solution was injected on a 
chiral preparative HPLC (Chiralpak AD, 20% 2-propanol in hexane). The fractions 

20 enriched in diastereomer B were collected and concentrated in vacuo, affording of a 
white solid. Chiral HPLC (Chiralpak AD, 20% 2-propanol in hexane) indicated an 82 
: 18 mixture of Diastereomer B (tf = 16.16 min) and Diastereomer A (tr = 14.80 min). 
1 H NMR of major diastereomer (CDCI3, 500 MHz) 9. 12 (s, IH), 8.63 (d, 7 = 5.5 Hz, 
2H), 7.50 (d, / = 4.6 Hz, 2H), 7.31 (m, 4H), 7.09 (d, J = 7.6 Hz, IH), 7.06 (d, J = 7.5 

25 Hz, IH), 6.87 (d, 7 = 3.4 Hz, IH), 6.79 (t, /= 7.8 Hz, 2H), 6.36 (d, J = 3.4 Hz. IH), 
6.00 (d, 7 = 8.0 Hz, IH), 5. 16 (dd, 7 = 3.9 Hz, 7 = 7.7 Hz, IH), 4.06 (d, 7 = 1 1 .5 Hz, 
IH), 3.96 (m, 4H), 3.80 (s, 2H), 3.34 (s, IH), 2.96 (m, 4H), 2.78 (m, 4H), 2.68 (m, 
4H), 2.45 (d, 7 = 13.0 Hz, 2H), 2.19 (s, IH), 1.90 (t, IH), 1.55 (t, IH), 1.49 (d, 7= 6.2 
Hz, 3H); HPLC-MS (ES) 736.5 (M+1). 

30 

EXAMPLE 37 

(a/^,Y5.25)-A^-((35,4S)-3,4-dihydro-3-hydroxy-2^^-l-benzopyran.4-yl)-Y-hydroxy-4- 
[l-methyl-l-(l-phenyl-l//-pyrazol-3-yl)ethyl]-a-(3-pyridinylmethyl)-2-[t(2,2,2- 
trifluoroethvnaminolcarbonyll-l-piperazinepentanamide 
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5 Step A 




To a solution of the piperazine intermediate prepared in Example 12, 
Step A (15.3 g, 38.7 mmol) in dichloromethane (SO mL) was added trifluoroacetic 
acid (25 mL). After 70 min the reaction was concentrated in vacuo to a colorless oil. 

10 This material was dissolved in THF (200 mL) and cooled to 0 oc. To this solution 
was added CuC! (380 mg, 3.87 nmiol), followed by 3-Chloro-3-methyl-l-butyne 
(5.22 mL, 46.5 mmol), copper powder (250 mg, 3.87 mmol), and triethylamine (12 
mL, 85.2 mmol). After warming to ambient temperature and stirring 16 hours, the 
reaction was filtered through celite. The liquor was diluted with ethyl acetate (500 

15 mL) washed with saturated aqueous NaHCOs (500 mL), and brine (500 mL), dried 
(MgS04) and concentrated in vacuo. Purification by flash chromatography (10% 

methanol in dichloromethane) afforded the title compound as a colorless oil. iH 
NMR (CDCI3, 400 MHz) 7.50 (s. IH), 5.91 (m, IH). 5.33 (d, IH), 5.20 (d, IH), 4.80 

(s, IH, 4.60 (m, 2H), 3.93 (m, 3H), 3.52 (d, IH), 3.14 (s, IH), 2.96 (s, IH), 2.43 (d, 
20 IH), 2.28 (m, 2H), 1.42 (s. 3H), 1.38 (s. 3H); HPLC-MS (ES) 362.3 (M+1). 
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StepB 




5 To a solution of the intermediate prepared in Step A (10.9g, 30.1 

mmol) in THF (150 mL) was added thiosalicilic acid (6.97 g, 45.2 mmol). In a 
separate flask was prepared a solution of dipalladium(0)tris(dibenzylidineacetone) 
(1.38 g, 1.51 mmol) and l,4-bis(diphenylphosphino)butane (1.73 g, 3.01 mmol) in 
THF (150 mL). The palladium(0) solution was added to the reaction mixture via 

10 cannula. After 2 hours the reaction was quenched by the addition of 1% aqueous HCl 
(300 mL). The mixture was diluted with diethyl ether (600 mL) was washed with 1% 
aqueous HCl (100 mL x3). The combine aqueous layers were brought to pH 8 with 
saturated aqueous NaHCOs, and extracted with ethyl acetate (500 mL). This organic 
layer was washed with brine, dried (MgS04) and concentrated in vacuo, affording a 

15 coloriess oil. This material was dissolved in dichloromethane (250 mL) and cooled to 
0 oc. To this solution was added triethylamine (4.49 mL, 32.2 mmol) and 
benzoylchloride (4.60 mL, 32.2 mmol). The solution was wanned to ambient 
temperature and stirred for 18 hours, then quenched by the addition of saturated 
aqueous NaHCOs (200 mL). The organic layer was extracted and dried (Na2S04) 

20 and concentrated in vacuo. Purification by flash chromatography (5% methanol in 
ethyl acetate) afforded the title compound as a colorless oil. iH NMR (CDCI3, 400 

MHz) 7.27 (m, 5H). 5.18 (dd, 2H), 4.80 (s, IH), 3.90 (m, 2H), 3.55 (d, IH), 3.17 (s, 
IH), 2.92 (s, IH), 2.40 (dd, IH), 2.24 (m, 2H), 1.41 (s, 3H), 1.39 (s, 3H); HPLC-MS 
(ES) 412.3 (M+1). 

25 

StepC 
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To a suspension of N-phenylglycine (10.0 g, 66.2 mmol) in acetic acid 
(70 mL) was added water (70 mL). The suspension was cooled to 0 oC, and NaN02 

5 (5.02 g, 72.8 mmol) was added slowly. After 90 min the reaction was extracted with 
benzene (200 mL x2). The organic layers were dried (MgS04) and to the resulting 

solution was added acetic anhydride (18.7 mL, 198 mmol). The reaction was heated 
to reflux for 18 hours, then cooled to ambient temperature and washed with saturated 
aqueous NaHCOs (300 raL), and brine. The organic layer was dried (MgS04) and 

10 concentrated in vacuo. Purification by flash chromatography (65% ethyl acetate in 
hexane) afforded of the title compound as a yellow solid. iH NMR (CDCI3, 400 

MHz) 7.74 (d, 2H), 7.68 (m, 3H), 6.70 (s, IH). 
StepD 



15 




To a solution of the intermediate from Step B (6.95 g, 16.9 mmol) in 
m-dichlorobenzene (13 mL) was added the intermediate from Step C (2.74 g, 16.9 
mmol). The resulting suspension was heated to 180 OQ for 22 hours. The solvent 
20 was removed in vacuo. Purification by flash chromatography (30% ethyl acetate in 
hexane) afforded the title compound. iH NMR (CDCI3, 400 MHz) 8.17 (s, IH). 7.78 

(d, 2H), 7.52 (t, 2H), 7.30 (m, 5H), 6,40 (d, IH), 5.17 (m, 2H), 4.70 (d, Ih), 3.94 (m, 
4H), 3.60 (m, IH), 3.37 (m, 3H), 3.00 (m, 2H), 2.44 (dt, IH), 2.22 (m, IH), L51 (s, 
6H). 

25 
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StepE 




To a solution of the intermediate from Step D (5.66 g, 10.7 mmol) in 
5 methanol (50 mL) was added triethylamine (2.24 mL, 16.1 mmol), and 10% Pd(0) on 
carbon (1.13 g). The reaction mixture was placed under 1 atm of H2 gas for 3 hours, 

then the reaction was filtered through celite. The solution was concentrated in vacuOy 
and the resulting oil was dissolved in DMF (8 mL). To this solution was added di- 
/5f?-propylethylamine (2.05 mL, 1 L8 mL), followed by the intennediate from 
10 Example 23 Step C (3.39 g, 10.7 mmol). The solution was heated to 90 oc for 17 
hours, then cooled to ambient temperature, diluted with ethyl acetate (300 mL) and 
washed with 0.5 N aqueous NaHC03 (200 mL x3). The organic layer was then 
washed with brine (200 mL), dried (MgS04) and concentrated in vacuo. Purification 

by flash chromatography (7% methanol in ethyl acetate) afforded the title compound. 
15 IH NMR (CD3OD, 400 MHz) 8.48 (s, IH), 8.43 (d, IH), 8.16 (d, IH), 8.04 (s, IH), 

7.78 (m, 2H), 7.52 (t, 2H), 7.41 (t, IH), 7.36 (t, IH), 6.50 (d, IH), 4.67 (m, IH), 4.00 
(m, IH), 3.76 (m, IH), 3.27 (m, IH), 3.18 (m, 2H), 3.04 (m, 2H), 2.80 (m, IH), 2.58 
(m, 4H), 2.17 (m, 2H), 1.53 (s, 6H); HPLC-MS (ES) 585.4 (M+1). 
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StepF 




The title compound was obtained following the procedure described in 
5 Example 23, Step E, using the lactone intermediate prepared in Step E (1.94 g, 3.32 
mmol), and the aminochromanol intermediate prepared in Example 1, Step L (0.80 g, 
3.92 mmol). Purification by flash chromatography (15% ethyl acetate in hexane) 
afforded the title compound as a white solid. HPLC-MS (ES) 864.5 (M+1). 

10 StepG (aR,Y5,25)-//-((3S,45)-3,4-dihydro-3-hydroxy-2«-l-benzopyran-4-yl)- 
Y-hydroxy-4-[ 1 -methyl- 1 -( 1 -phenyl-lf/-pyrazol-3-yl)ethyl]-a-(3- 
pyridinylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l- 
piperazinepentanamidc 

15 To a solution of the intermediate prepared in Step F (1 .70 g, 1 .97 

mmol) in THF (50 mL) was added tetrabutylammonium fluoride (19.7 mL of a 1.0 M 
solution in THF, 19.7 nmiol). After 9 hours at ambient temperature the reaction was 
diluted with dichloromethane (300 mL) and washed with saturated aqueous NaHC03 
(200 mL). The organic layer was dried (Na2S04) and concentrated in vacuo, 

20 Purification by flash chromatography (10% methanol in dichloromethane) afforded 
the title compound as a white solid. iR NMR (CD3OD, 400 MHz) 8.38 (d, J = 2.0 

Hz, IH), 8.34 (dd, J = 1.6 Hz, 7 = 5.2 Hz, IH), 8.10 (d, J = 2.4 Hz, IH) 7.72 (dd. J = 
1.2 Hz. J = 7.6 Hz, 3H), 7.44 (t, J = 8.0 Hz, 2H), 7.29 (m, 2H), 7.09 (m, 2H), 6.80 (dt, 
/= 1.2 Hz, 7 = 7.6 Hz, IH), 6.72 (dd, 7 = 0.8 Hz, 7 = 8.4 Hz, IH), 6.44 (d, 7 = 2.4 Hz, 
25 IH), 5.16 (d, 7 = 4.0 Hz. IH), 4.01 (m, 3H), 3.73 (m, 3H), 3.00 (m, 4H), 2.70 (m, 5H), 
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2.55 (t. 7= 8.0 Hz, IH), 2.39 (m, 3H), 2.06 (t. 7 = 1 1.6 Hz, IH). 1.51 (s, 3H), 1.50 (s, 
3H), 1.39 (dt, J = 2.8 Hz, / = 9.2 Hz, IH); HPLC-MS (ES) 750.4 (M+1). 

EXAMPLE 38 

5 (a/?,Y5,2S)-A^K(35,45)-3,4-dihydro-3-hydroxy~2//-l-benzopyran-4-yl)-Y"hydroxy^ 
[l-methyl-l-(3-phenyI-5-isoxazolyl)ethyl]-a-(3-pyridinylmethyl)-2-[[(2,2.2- 
trifluoroethvnamino1carbonvl]-l-piperazinepentanamidc 




10 

Step A 




To a solution of bezaldehyde oxime (6.06 g, 50.0 mmol) in DMF (42 
15 mL) at 0 oc was added N-chlorosuccinimide (6.68 g, 50.0 mmol) over 1 hour. The 
reaction was warmed to ambient temperature over 1 hour, then quenched by the 
addition of water (200 mL). The mixture was extracted with diethyl ether (200 mL 
x2)^ and the organic layers were washed with saturated aqueous NaHC03 (100 mL), 

brine (100 mL), and concentrated in vacuo, affording 6.4 g (82%) of the hydroxamic 
20 acid chloride as a white solid. This material (6.24 g. 40,2 mmol) was added to a 

solution containing the intermediate from Example 37, Step B (6,68 g, 16.25 mmol) 
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and triethylamine (6.73 mL, 48.3 mmol) in THF (80 niL) over 3 hours. After 5 hours 
at ambient temperature the reaction was diluted with diethyl ether (300 mL) and 
washed with saturated aqueous NaHC03 (200 mL), brine (200 mL), dried (MgS04), 

and concentrated in vacuo. Purification by flash chromatography (35% ethyl acetate 
5 in hexane) afforded the title compound. iH NMR (CDCI3, 400 MHz) 7.79 (d, IH), 

7.42 (m, 3H), 7.32 (m, 5H), 6.37 (s, IH), 5.16 (s, 2H), 4.76 (m, IH), 4.00 (m, IH), 
3.95 (m, IH), 3.50 (m, IH), 3.10 (m, IH), 2.92 (m, IH), 2.32 (dd, IH), 2.20 (m, IH), 
L51 (s. 3H), L49 (s, 3H); HPLC-MS (ES) 53L4 (M+1). 

10 Step B 




The title compound was obtained using the procedure described in 
Example 37, Step E, using the intermediate prepared in Step A (6.82 g, 12.9 mmol), 
15 and the lactone intermediate prepared in Example 23, Step C (710 mg, 2.46 mmol). 
Purification by flash chromatography (5% methanol in ethyl acetate) afforded the title 
compound as a colorless oil. HPLC-MS (ES) 586.4 (M+1). 

StepC 
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The title compound was obtained following the procedure described in 
Example 23, Step E, using the lactone intermediate prepared in Step B (560 mg, 0.96 
5 mmol), and the aminochromanol intermediate prepared in Example 1, Step L (0.170 
g, 1.13 mmol). Purification by flash chromatography (ethyl acetate) afforded the title 
compound as a white solid. HPLC-MS (ES) 865.5 (M+1). 



StepD (a«,Y5,25)-A/-((35,45)-3,4.dihydro-3-hydroxy-2//-l-benzopyran-4-yl). 
10 Y-hydroxy-4-[l-methyl-l-(3-phenyl-5-isoxazolyl)ethyl]-a-(3- 
pyridinylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l- 
piperazinepentanamide 



The title compound was prepared as described in Example 37, Step G, 
15 using the intermediate prepared in Step C (310 mg. 0.36 mmol). Purification by flash 
chromatography (6% methanol in dichloromethane) afforded the title compound as a 
white solid. iH NMR (CD3OD, 400 MHz) 8.38 (d, 7 = 1.6 Hz, IH), 8.34 (dd, /= 1.6 

Hz, J = 4.8 Hz, IH), 7.82 (m, 2H), 7.72 (d, J = 8.0 Hz, IH), 7.47 (m, 3H), 7.32 (dd, J 
= 4.8 Hz, 7 = 7.6 Hz, IH), 7.10 (m, 2H), 6.82 (t, 7= 6.4 Hz, IH), 6.75 (m, 3H), 5.16 
20 (d. 7 = 3.6 Hz, IH), 4.03 (m, 3H), 3.76 (m, 3H), 3.01 (m, 4H), 2.80 (m, 3H), 2.64 (dd, 
7 = 6.8 Hz, 7 = 10.4 Hz, IH), 2.51 (t, 7 = 8.4 Hz, IH), 2.41 (m, 3H), 2.05 (t, 7 = 1 1.2 
Hz, IH), L55 (s, 6H), 1.39 (m, 2H); HPLC-MS (ES) 751.5 (M+1). 



EXAMPLE 39 



-201- 
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(a/?,Y5.2S)-^-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hyd^ 
[l-methyl-l-(3-phenyl-5-isoxazolyl)ethyl]]-a-(phenylmethyl)-2-[[(2,2.2- 
trifluoroethvOaminolcarbonvil-l-piperazinepentanamide 




To a solution of the intermediate prepared in Exannple 12, Step D (1.01 
g, 1.78 mmol) in THF (20 mL) at 0 oc was added triethylamine (0.546 mL, 3.92 

10 mmol), followed by CuCl (17.6 mg, 1 .78 mmol), 3-chIoro-3-methylbutene (0.200 
mL, 1.78 mmol), and copper powder (1 1.3 mg, 1.78 mmol). The mixture was 
warmed to ambient temperature and stirred 18 hours, then quenched by the addition of 
saturated aqueous NaHC03 (100 mL) and extracted with dichloromethane (100 mL 
x2). The organic layers were dried (Na2S04) and concentrated in vacuo, yielding the 

15 title compound as a yellow solid. iH NMR (CDCI3, 400 MHz) 9. 14 (m, IH), 7.25 
(m, 5H), 7.18 (t, IH), 7.12 (d, IH), 6.83 (t, IH), 6.81 (d, IH), 6.05 (d, IH), 5.20 (dd, 
IH), 4.06 (m, 3H), 3.90 (m. IH), 3.60 (d, IH), 3.40 (s, IH), 3,21 (d, IH), 2.94 (m, 
2H), 2.80 (m, 2H), 2.65 (m. 3H), 2.47 (m, 3H), 2.23 (s, IH), 1.93 (t, IH), 1.60 (t, IH), 
1.40 (s, 6H). 
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StepB (<x«,Y5,25)-A^-((35,45)-3,4-dihydro-3-hydroxy-2«-l-benzopyran-4-yl)- 

Y-hydroxy-4-[l-methyl-l-(3-phenyI-5-isoxazoIyl)ethyI]]-a- 

(phenylmethyl)-2-[[(2,2,2-trifluoroethyl)aniino]carbonyl]-l- 
pi perazinepentanamide 



10 



15 



20 



To a solution of the intermediate prepared in Step A (500 mg, 0.794 
mmol) in THF (1 mL) was added triethylamine (1.10 mL, 7.94 mmol). The solution 
was heated to 50 oQ, and a solution of the hydroxamic acid chloride prepared in 
Example 38. Step A (1.00 g, 6.43 mmol) in 2.2 mL THF was added via syringe pump 
over 5 hours. After 36 hours at 50 oc the reaction was cooled to ambient temperature 
and diluted with ethyl acetate (100 mL). The organic layer was washed with 0.5 N 
NaHCOs (100 raL), brine (100 mL), dried (MgS04) and concentrated in vacuo. 
Purification by flash chromatography (4% methanol in dichloromethane) afforded the 
title compound as a white sohd. iH NMR (CDCI3, 500 MHz) 9.16 (s, lU), 7.80 (d, J 
= 3.4 Hz, IH), 7.47 (s, 2H), 7.28 (d. 7 = 7.1 Hz, 2H), 7.22 (s, 2H), 7.08 (t, /= 7.3 Hz, 
2H), 6.79 (t, 7 = 7.6 Hz, 2H). 6.43 (s, IHO. 6. 1 5 (d, 7 = 8.0 Hz, IH), 5. 1 5 (m, IH), 
4.20 (m, IH), 4.03 (m, 2H), 3.79 (m, 3H), 3.56 (s, IH), 3.50 (q, 7 = 6.8 Hz, IH), 3.33 
(s, IH), 2.92 (m. 4H), 2.80 (d, 11.6 Hz, IH), 2.71 (m, 4H), 2.45 (s, 2H), 2.32 (s, IH), 
1.90 (t, 7 = 12.1 Hz, 2H), 1.57 (s, 3H). 1.55 (s, 3H), 1.22 (t, 7= 6.7 Hz, IH); HPLC-' 
MS (ES) 750.5 (M+1). 



EXAMPLE 40 

(cc/?,Y.S,25)-4-[(7-chlorobenzofuTan-2-yl)methy1]-A^-((35,4S)-3,4-dihydro-3-hydroxy- 
2H- 1 -benzopyran-4-yl)-Y-hydroxyKX-(3-pyridinylmethyl)-2-[[(2,2,2- 
25 trifluoroethvDaminolcar bonvn-l-piperazinepentanamide 
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Step A 




To a solution of the intemiediate obtained in Example 23, Step F (57.7 
5 mg, 0.102 mmol) in DMF (2 mL) at 0 OC was added di-i^o-propylethyamine (44.5 jiL, 
0.255 mmol), followed by propargyl bromide (12.5 ul of an 80% solution in toluene, 
0.112 mmol). The reaction was warmed to ambient temperature and stirred for 18 
hours. The reaction was then quenched by the addition of 0.5 N aqueous NaHCOs 

(30 mL) and extracted with ethyl acetate (50 mL). The organic layer was washed with 
10 brine (20 mL), dried (MgS04) and concentrated in vacuo, affording the title 

compound as a beige solid. iH NMR (CDCI3, 400 Mhz) 8.76 (t, IH), 8.40 (d, IH), 
8.37 (s, IH), 7.56 (d, IH). 7.20 (m, IH), 7.13 (dd, IH), 6.80 (m, 2H), 6.60 (d, IH), 
5.20 (dd, IH), 4.10 (m, 3H), 3.80 (m, 3H), 3.37 (m, 3H), 3.04 (m, IH), 2,91 (m, IH), 
2.80 (m, IH). 2.72 (m, 2H). 2.54 (m, IH). 2.47 (dd, IH), 1.87 (d. IH). 154 (t, IH); 

15 

StepB 




To a solution of 2-chlorophenoI (0.500 mL, 4.83 nmiol) in THF (10 
mL) at 0 oc was added sodium hexamethyldisilylazide (5.30 mL of a 1.0 M solution 
20 in THF, 5.30 mmol). After 30 min at 0 oC, 2-(lrimethylsilyloxy)ethoxymethyl 

chloride (0.940 mL, 5.30 mmol) was added, and the solution was warmed to ambient 
temperature and stirred an additional 2 hours. The reaction was diluted with diethyl 
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ether (100 mL) and washed with saturated aqueous NaHCOs (100 i^iL). a"d brine 
(100 mL), dried (MgS04), and concentrated in vacuo. Purification by flash 

chromatography (1% ethyl acetate in hexane) afforded the title compound. 1h NMR 
(CDCI3. 300 MHz) 7.36 (d, IH), 7.21 (d, 2H), 6.96 (m, IH), 5.30 (s, 2H), 3.80 (dd, 

5 2H). 0.97 (dd, IH), 0.00 (s. 9H). 
Step C 




10 To a solution of the intermediate prepared in Step B (304 mg, 1.17 

mmol) in THF (6 mL) at -78 OC was added ?-butyllithium (0.760 mL of a 1.7 M 
solution in hexanes, 1.29 mmol). The solution was warmed to 0 oQ for 45 min, then 
recooled to -78 oC. A solution of I2 (327 mg, 1.29 mmol) in THF (3 mL) was added 

dropwise, and the reaction was slowly warmed to ambient temperature for 30 min. 
15 The reaction was quenched by the addition of saturated aqueous NaHC03 (30 mL) 

and diluted with diethyl ether (100 mL). The organic layer was washed with 1 N 
aqueous Na2S203 (50 mL) and brine (50 mL), dried (MgS04), and concentrated in 

vacuo. Purification by flash chromatography (1% ethyl acetate in hexane) afforded 
the title compound. iH NMR (CDCI3, 300 MHz) 7.68 (d, IH), 7.35 (d. IH), 6.77 (t, 

20 IH), 5.19 (s, 2H), 4.02 (dd, 2H), L04 (dd, IH). 0.02 (s. 9H). 
StepD 



OH 




25 To a solution of the intermediate prepared in Step C (2.60 g, 6.76 

mmol) in THF (20 mL) was added tetrabutylammonium fluoride (13.5 mL of a 1.0 M 
solution in THF, 13.5 mmol). The reaction was heated to reflux for 2 hours, then 
cooled to ambient temperature and poured onto ethyl acetate (100 mL). The resulting 
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suspension was filtered through celite. The Jiquid was then washed with water (100 
mL x2) and brine, dried (MgS04X and concentrated in vacuo. Purification by flash 

chromatography (2% ethyl acetate in hexane) afforded the title compound. iH NMR 
(CDCI3, 300 MHz) 7.62 (dd, IH), 7.32 (dd, IH), 6.63 (d, IH), 5.93 (s, IH). 

5 

StepE (ct/?.75,25)-4-[(7-chlorobenzofuran-2-yl)methyl]-iV-((35,45)-3,4- 
dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-a-(3- 
pyridinylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l- 
piperazinepentanamide 

10 

To a solution of the intermediate prepared in Step A (37.4 mg, 0.0620 
mmol) in pyridine (1 mL) was added the intermediate prepared in Step D (18.3 mg, 
0.0744 mmol), followed by Cu20 (13.3 mg, 0.093 mmol). The mixture was heated to 

reflux for 1.5 hours, then cooled to ambient temperature and diluted with 
15 dichloromethane (30 mL). The organic layer was washed with saturated aqueous 

NaHC03 (30 mL), dried (Na2S04), and concentrated in vacuo. Purification by flash 

chromatography (10% methanol in ethyl acetate) afforded the title compound as a 
white solid. iH NMR (CDCI3, 400 MHz) 9.16 (s, IH), 8.46 (s, IH), 7.57 (d, IH), 

7.46 (d, J = 7.6 Hz. IH), 7.20 (m, 6H), 6.81 (d. J = 6.8 Hz, IH), 6.70 (s, IH), 6.42 (d, 
20 y = 8.0 Hz, IH), 5.23 (d. IH), 4.24 (m, IH), 4.12 (d, 7= 10.8 Hz, IH), 4.02 (m, IH). 
3.84 (m, 4H), 3.36 (s, IH), 3.02 (m, 2H), 2.89 (m, IH), 2.74 (m. 2H), 2.60 (d, / = 11 .2 
Hz, IH), 2.47 (d,/= 12.0Hz, IH), 1.89 (t,/= 12.4 Hz, IH) 1.54 (t, 1H);HPLC.MS 
(ES) 730.4 (M+1). 

25 EXAMPLE 41 

(ot/?,Y5,25)<A^-((35,4S)-3,4-dihydro-3-hydroxy-2/f-l-benzopyran'4-yl)-4-(l- 
furo[3,2-c]pyridin-2-'yM-methylethyl)-Y-hydroxy-a-(phenylmethyl)-2-([(2,2- 
difluoroeth vOaminolcarbon vll- 1 -piperazinepentanamide 

30 
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Step A 




F 

The title compound was obtained following the procedure described in 
5 Example 1, Step G, starting with the intermediate prepared in Example I , Step F (200 
mg, 0.278 mmol) and 2,2-difluoroethyllamine (33.8 mg, 4.20 mmol). Purification by 
flash chromatography (70% ethyl acetate in dichloromethane) afforded the title 
compound as a colorless oil. iH NMR (CDCI3. 400 MHz) 8.68 (s, IH), 8.47 (d, IH), 
7.49 (d, IH), 6.62 (s, IH), 6.06 (t, IH), 5.92 (t, IH), 5.79 (t, IH), 4,64 (s, IH), 4.01 (s, 
10 IH). 3.71 (m, 2H), 3.52 (d, IH), 3.03 (m. IH), 2.92 (d, IH), 2.29 (dd, IH), 2.20 (t, 
IH), 1.93 (s, IH), 1.54 (s. 3H), 1.45 (s, 3H). 

StepB 

The title compound was obtained following the procedure described in 
15 Example 2, Step B, starting with the intermediate prepared in Step A (127 mg, 0.278 
nmiol), affording the title compound as a colorless oil. This was used without further 
purification. 
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StepC (a/?j5.25)-iV-((35.45)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-.yl)- 
4-(l-furo[3,2-c]pyridin-2-yM-methylethyl)-Y-hydroxy-a- 
(phenyImethyl)-2-[((2,2-difIuoroethyl)amino]carbonyI]-l- 
piperazinepentanamide 

5 

The title compound was obtained following the procedure described in 
Example 1, Steps Q, starting with the intermediate prepared in Step B (75.0 mg, 0.213 
minol) and the intermediate prepared in Example 1, Step P (50.0 mg, 0.133 mmol). 
Purification by flash chromatography (5% methanol in ethyl acetate) afforded 58.8 mg 
10 (62%) of the alcohol intermediate. This material was treated with acid as described in 
Example 1, Step R. Purification by preparative TLC (5% methanol in ethyl acetate) 
afforded the title compound as a white solid. iH NMR (CDCI3, 400 MHz) 9.16 (t, J 

= 5.2 Hz, IH), 8.88 (s, IH), 8.50 (d, J = 5.6 Hz, IH), 7.40 (d, J = 6.0 Hz, IH), 7.29 
(m, 2H), 7,23 (m, 3H), 7.10 (t, / = 7.2 Hz, IH), 7.06 (d, J = 7.6 Hz, IH), 6.79 (m, 

15 2H), 6.65 (s, IH), 6.10 (t, IH), 6.06 (d, 7= 8.0 Hz, IH), 5.96 (t, 7= 3.6 Hz, IH), 5.82 
(t, IH), 5.15 (dd, J = 4.0 Hz. J = 8.0 Hz, IH), 4.06 (d, J = 10.4 Hz, IH), 4.00 (dd, J = 
5.2 Hz, 7= 11.6 Hz, IH), 3.93 (m, IH), 3.80 (m. IH), 3.75 (m, IH), 3.56 (m, 2H), 
3.33 (s, IH), 3.06 (d, 7 = 11.6 Hz, IH), 2.85 (m, 4H), 2.68 (m, 3H), 2.43 (dt, 7= 4.4 
Hz. 7= 10.8 Hz, 2H), 1.90 (t, 7= 10.8 Hz, IH), 1.58 (m, IH), 1.56 (s, 6H); HPLC-MS 

20 (ES) 706.3 (M+1). 



EXAMPLE 42 

(a/?,Y5,25)-iV-((3S,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-a- 
25 (phenylmethyl)-4-[[5-(2-thiazolyI)-3-pyridinyl]methyl]-2-[[(2,2,2- 

trifl uoroethvDaminolcarbon vll- 1 -piperazinepentanamide 
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Step A: 




5 To stirred anhydrous diethyl ether (20 mL) cooled to -78 °C under N2 

was added nBuLi (2,1 mL, 5.46 mmol), Thiazole (425.0 mg; 4.99 mmol) in diethyl 
ether (12 niL) was then added dropwise. After 1 hour at -IS ""C was added MeaSnCK 
(1.1 g, 5.5 mmol) in diethyl ether (7,5 mL) over a 10 minute period. The reaction was 
stirred at -78 °C for one hour before being allowed to reach ambient temperature. 
10 Filtration through celite followed by evaporation of the solvent in vacuo provided the 
desired stannane contaminated with approximately 15% of starting thiazole. iH 
NMR (400 MHz, CDCI3) 5 0.5 (s, 9H), 7.58 (d, J=3.6 Hz, IH), 8.18 (d. J=3.6 Hz. 
IH). 

15 StepB: 




A mixture of bromide obtained from Example 59 Step D (200 mg; 
1 .08 mmol), AgO (250 mg; 1 .08 mmol), and Pd(PPh3)4 (62 mg; 0.054 mmol) in dry 

20 DMF (4.3 mL) was stirred at 100 °C for 5 minutes after which lime a solution of 

stannane obtained from Step A above (295 mg; 1.19 mmol) in dry DMF (2.0 mL) was 
added dropwise. After 18 hours, the mixture was filtered through celite; poured into 
EtOAc (100 mL); washed with H2O, saturated NaHCOs solution, and brine; dried 
(Na2S04), filtered, and concentrated in vacuo. Purification by flash column 

25 chromatography (25% EtOAc/hexane) provided the desired aldehyde as a pale yellow 
solid. IR NMR (400 MHz, CDCI3): 5 7.51 (d, J=3.3 Hz, IH), 8.00 (d, J=3.3 Hz, IH), 
8.69 (apparent t, J=2.2 Hz. IH), 9.13 (d, J=2.0 Hz, IH), 9,45 (d, J=2.2 Hz, IH), 10.22 
(s, IH). 
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StepC: ((x/?,Y'5.25)-N-((3S,45)-3,4-dihydro-3-hydroxy-2i/-l-benzopyran-4-yl)- 
Y-hydroxy-a-(phenylrnethyl)-4-([5-(2-thiazolyI)-3-pyridinyI]methyl]-2- 
rrf2.2.2-trifluoroethvl)amino1carbonvl1-l-piperazincpcntanamide 



5 From a solution of the aldehyde obtained from Step B above (19 mg; 

0,10 mmol), penultimate intermediate from Example 12 Step D (50 mg; 0.070 mmol), 
and NaHB(OAc)3 (21 mg; 0.10 mmol) in anhydrous DMF (LO mL), using the 

procedure from Example 46 Step F, the titled compound was obtained as a white solid 
after purification by flash column chromatography (5% MeOH/CH2Cl2). ^H-NMR 

10 (400 MHz, CD3OD): 5 1.43 (m. IH), 2.06 (m, IH), 2.38-2.54 (complex m, 4H), 

2.59-2.68 (complex m. 2H), 2.70-2.79 (complex m, 2H), 2.93-2.99 (m, IH), 3.01-3.09 
(complex m, 2H), 3.15 (dd, J=3,3, 7.1 Hz, IH), 3.66 (s, 2H), 3.74-3.95 (complex m, 
4H), 4.04-4.11 (complex m, 2H), 5.16 (d. J=4.1 Hz. IH), 6.73 (dd, J=0.9, 8.2 Hz, IH), 
6.81 (apparent td, J=1.0, 7.5 Hz, IH), 7.06^7.28 (complex m, 7H), 7.72 (d, J=3.3 Hz, 

15 IH), 7.95 (d, J=3.2 Hz, IH), 8.33 (apparent t, J=2.1 Hz, IH), 8.56 (d, J=L9 Hz, IH), 
9.03 (d, J=2.2 Hz, IH); electrospray ionization mass spectrum: m/e 739.5 (MH+ calcd 
for C37H41F3N5O6S, 739.3). 
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EXAMPLE 43 

((X/?,Y5,25)-N-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)^^^ 
[[5-(2-oxazolyl)-3-pyridinyl]methyl]-a-(phenylmethyl)-2-[[(2,2,2- 
5 trifl uoroeth vnaminolcarbon vlM -piperazinepentanamide 





To a stilted solution of the aldehyde obtained from Example 59, Step 
D (225.0 mg; 1.20 mmol) in benzene (12 mL) was added aminoacetaldehyde dimethyl 
acetal (0.171 mL; 1.57 mmol). The reaction vessel was equipped with a Dean-Stark 
15 apparatus and heated to reflux for 1.5 hours. The reaction mixture was poured in 

EtOAc and washed with water and brine. Drying (MgS04), filtration and removal of 
the solvent in vacuo provided the desired acetal. iH NMR (400 MHz, CDCI3) 5 3.44 
(s, 6H), 3.82 (d, J=7.2 Hz, 2H), 4.69 (dd, Ji=J2=7.2 Hz, IH), 8.38 (s, IH), 8.43 (m, 
IH), 8.72 (d, J=3.2 Hz, IH), 8.75 (d, J=2.4 Hz, IH). 

20 

Step B: 
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To the acetal obtained in Step A (361.0 mg; 1.32 mjnol) was added 
with cooling to 0 ""C concentrated H2SO4 (7 mL). Next, P2O5 (487.0 mg; 1.72 

5 mmol) was added as a solid and the whole was heated to 100 °C for 30 minutes. The 
reaction mixture was allowed to reach ambient temperature and stirred overnight. The 
next day, the contents of the reaction were poured onto ice and concentrated NH4OH 

was added with cooling to 0 ®C until the reaction mixture was approximately pH=8. 
The aqueous layer was extracted several times with CHCI3. The organic layer was 
10 then washed with brine. Drying (MgS04), filtration and removal of the solvent in 

vacuo provided quantitative yield of the desired oxazole. iH NMR (400 MHz, 
CDCI3) 6 732 (s,lH). 7.81 (d, J=0.8 Hz, IH), 8.49 (apparent t, J=2.0. IH), 8.76 (d, 

J=2.2 Hz, IH), 9.21 (d, J=2.0 Hz, IH). 
15 Step C 




A nitrogen filled flask was charged with the oxazole obtained in Step B 
(98.0 mg; 0.44 mmol), NaOOCH (45.0 mg, 0.66 mmol) and Cl2Pd(PPh3)2 (15.0 mg, 

0.22 mmol). The atmosphere was replace with CO. DMF (4mL) was then added. 
20 Carbon monoxide was then bubbled through the reaction mixture while the reaction 
was heated to 100 °C for approximately 2 hours. The reaction mixture was poured in 
EtOAc and washed with water and brine. After drying (MgS04), filtration and 

removal of the solvent in vacuo, purification employing Biotage flash chromatography 
(75% EtO Ac/hex) provided the desired aldehyde. iR NMR (400 MHz, CDCI3) 5 7.25 

25 (d. J=3.7 Hz, IH), 7.29 (m, IH), 7.35 (d, J=3.6 Hz, IH). 7.80 (m, IH), 7.93 (m, IH), 
8.65 (m, IH), 9.72 (s, IH). 
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StepD ((X/?,Y5,2S)-iV-((35,45)-3,4-dihydro-3-hydroxy-2«-l-benzopyran-4-yl)- 
Y-hydroxy-4-[[5-(2-oxazolyl)-3-pyridinyl]methyl]-a-(phenylmethyl)-2- 
rf(2.2.2-trifluoroethyl)amino1carbonvll-l-pipera2inepentananiide 

5 

From the aldehyde as obtained in Step C above (20.0 mg; 0.09 mmol), 
penultimate intermediate as obtained in Example 12, Step D (50.0 mg; .012 mmol) 
and NaBH(0Ac)3 (24.0 mg; 0.12 mmol) in anhydrous DMF (0.9 mL) following the 

general reductive amination procedure as described for Example 53, Step E was 
10 obtained the desired compound after Biotage flash chromatography (5% 

MeOH/DCM). iH NMR (400 MHz, CD3OD) 5 1.41 (m, IH), 2.06 (m, IH), 2.36- 

2.54 (complex m, 5H), 2.56-2.67 (m, 2H), 2.68-2.80 (complex m, 2H), 2.91-3.09 
(complex m, 4H), 3.14 (dd, J=3.3, 7.2 Hz, IH), 3.66 (s, 2H), 3.73-3.98 (complex m, 
6H), 4.01-4.12 (complex m, 2H), 5.15 (d, J=3.9 Hz. IH), 6.72 (dd, J=1.0, 8.2 Hz, IH), 
15 6.81 (apparent td, J=l.l, 7.5 Hz, IH), 7.05-7.14 (complex m, 2H), 7.18-7.30 (complex 
m, 5H), 7.37(d, J=0.7 Hz, IH), 8.06 (d, J=0.7 Hz, IH), 8.39 (m, IH), 8.60 (d, J=1.9 
Hz, IH), 9.09 (d, J=2.0 Hz, IH); electrospray ionization mass spectrum: m/e 123 A 
(MH+ calcd for C37H42F3N6O6, 723.3). 



20 EXAMPLE 44 

(a/?,YS,25)-//-((35,45)-3,4-dihydro-3-hydroxy-2ff-l-benzopyran-4-yl)-Y-hydroxy-a- 
(phenylmethyl)-4-([5-(4-thiazolyl)-3-pyridinyl]mcthyl]-2-[[(2,2,2-trifluoioethyl)- 
aminolcarfaonvn- 1 -piperazinepentanamide 




25 F 
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Step A: 




A stirred solution of the intennediate obtained from Example 59 Step 
D (483 mg; 2.60 mmol), (Me3Sn)2 (0.550 mL; 2.86 mmol), and PPhs (20 mg; 0.078 

5 mmol) in dry toluene (10 mL) was degassed with nitrogen for 10 minutes after which 
Pd(PPh3)4 (150 mg; 0.13 nunol) was added and the solution heated to reflux. After 

45 minutes, the reaction was poured into EtOAc (120 mL), washed successively with 
saturated NaHCOs solution and brine, dried (Na2S04), filtered, and concentrated. 

Purification by Biotage column chromatography (40S; 15% EtOAc/hexane) provided 
10 the desired compound. iH NMR (400 MHz, CDCI3): 5 0.41 (s, 9H), 8.27 (apparent t, 

J=1.9 Hz, IH), 8.86 (d, J=1.5 Hz, IH), 8.99 (d, J=2.1 Hz, IH), 10.11 (s. IH). 



Step B: 




CHO 



15 From a stirred solution of 4-bromothiazole (180 mg; 1.09 mmol), 

stannane intermediate from Step A above (147 mg; 0.545 mmol), and Pd(PPh3)4 (31 

mg; 0.027 mmol) in DMF (5 mL), using the procedure from Example 49 Step A the 
desired compound was obtained after purification by Biotage column chromatography 
(35% EtOAc/hexane). iH-NMR (400 MHz, CDCI3): 5 7.79 (d, J=1.9 Hz, IH), 8.70 

20 (apparent t, J=1.6 Hz, IH), 8.98 (d, J=2.0 Hz, IH), 9.07 (d, J=2.0 Hz, IH), 9.44 (d, 
J=2.2Hz, IH), 10.22 (s, IH). 

Step C: (a/?,Y5,25)-N-((35.45)-3.4-dihydro-3-hydroxy-2H-l-benzopyran-4"yl)- 
Y-hydroxy-a-(phenylmethyl)-4-[[5-(4-thiazolyl)-3-pyridinyl]methyl]-2- 
25 rrf2.2,2"trifluoroethvDamino1carbonvlM-piperazinepentanamide 
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From a solution of the aldehyde obtained from Step B above (25 m"g; 
0.13 mmol), penultimate intermediate from Example 12 Step D (50 mg; 0.089 mmol), 
and NaHB(0Ac)3 (28 mg; 0.13 mmol) in anhydrous DMF (1.0 mL), using the 

procedure from Example 46 Step F, the titled compound was obtained as a white solid 
5 after purification by flash column chromatography (5% MeOH/CH2Cl2). iH-NMR 
(400 MHz, CD3OD): 6 1.42 (m, IH), 2.06 (m, IH). 2.38-2.53 (complex m, 4H), 
2.60-2.79 (complex m. 4H), 2.93-2.99 (m, IH), 3.01-3.08 (complex m, 2H), 3.10 (dd, 
J=3.3, 7.0 Hz, IH), 3.65 (s, 2H), 3.73-3.95 (complex m, 4H), 4.04-4.08 (complex m, 
2H), 5.16 (d, J=3.9 Hz, IH), 6.73 (d, J=8.2 Hz, IH), 6.81 (apparent t, J=7.4 Hz, IH), 
10 7.06-7.28 (complex m, 7H), 8.12 (d, J=l .9 Hz, IH), 8.36 (apparent t, J=2. 1 Hz, IH), 
8.46 (d, J=1.9 Hz, IH), 9.04 (d, J=2.2 Hz, IH), 9.11 (d, J=1.9 Hz, IH); electrospray 
ionization mass spectrum: m/e 739.5 (MH+ calcd for C37H41F3N5O6S, 739.3). 



EXAMPLE 45 

15 (aR.Y5.25)-;\/-((35.45)-3.4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-a- 
(phenylmethyl)-4-[[5-(2-thiazolyl)-2-furanyl]methyl]-2-[[(2,2,2-trifluoroethyl)- 
amino1carbonvll-l-piperazinepentanamide 




F 



20 

Step A: 
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From a stirred solution of 2-bromothiazole (0.191 mL; 2.12 mmol), 
stannane intermediate from Example 46 Step B (321 mg; 1.06 mmol), and Pd(PPh3)4 

(37 mg; 0,032 mmol) in DMF (10 mL), using the procedure from Example 46, Step 
5 B, the desired compound was obtained after purification by flash column 

chromatography (25% EtOAc/hexane). iH-NMR (300 MHz, CDCI3): 5 4.02-4. 1 9 

(complex m. 4H), 6.01 (s, IH), 6.57 (d, J=3.6 Hz, IH), 6.97 (d, J=3.5 Hz, IH), 7.31 
(d, J=3.2 Hz, IH), 7.83 (d, J=3.2 Hz, IH). 



10 Step B: 




CHO 



From a stirred solution of intermediate from Step A above (133 mg; 
0,60 mmol) and HCl solution (2.4 mL; 2.4 mmol) in THF (6.5 mL), following the 
procedure described in Example 46 Step E, the desired aldehyde was obtained after 
15 workup and was used without further purification. iH-NMR (300 MHz, CDCI3): 5 

7.16 (d, J=3.9 Hz, IH), 7.35 (d, J=3.7 Hz, IH), 7.48 (d, J=3.2 Hz, IH), 7.93 (d, J=3.1 
Hz, IH), 9.72 (s, IH). 

StepC: (aR,Y5,2S)-A^-((3S,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)- 
20 Y-hydroxy-a-(phenylmethy1)-4-[[5-(2-thiazolyl)-2-furanyl]methyl]-2- 
rrf2.2.2-trifluoroethvnamino1carbonyll-l-piperazinepentanamide 

From a solution of the aldehyde obtained from Step D above (247 mg; 

1.27 mmol), penultimate intermediate from Example 12 Step D (481 mg; 0.85 mmol), 
25 and NaHB(OAc)3 (269 mg; 1.27 mmol) in anhydrous DMF (6 mL), using the 

procedure from Example 46 Step F was obtained after purification by Biotage column 
chromatography (40M; 5% MeOH/CH2Cl2) the titled compound as a white solid. iH- 
NMR (400 MHz, CD3OD): 8 1.40 (m, IH), 2.05 (m, IH), 2.34-2,56 (complex m, 
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4H), 2.61 (m, IH), 2.69-2.81 (complex m, 3H), 2.92-3.06 (complex m, 3H), 3.11 (dd, 
J=3.3, 7.7 Hz, IH), 3.69 (s, 2H), 3.72-3.80 (complex m, 3H), 3.94-4.00 (complex m, 
IH), 4.07-4.11 (complex m. 2H), 5.16 (d, J=4.1 Hz. IH), 6.51 (d, J=3.3 Hz, IH), 6.73 
(d, J=8.2 Hz, IH), 6.82 (apparent td, J=LO, 7.5 Hz, IH), 7.01 (d, J=3.5 Hz), 7.07-7.27 
5 (complex m, 7H), 7.57 (d, J=3.3 Hz, IH), 7.82 (d, J=3.3 Hz, IH); electrospray 
ionization mass spectrum: m/e 728.4 (MH+ calcd for C36H40F3N5O6S, 728.3). 

EXAMPLE 46 

(a/?,Y5,2S)-4-[[5-(5-chloro-3-pyridinyl)-2-furanyl]methyl]-Ar-((35,45)-3,4-dihydro-^ 
10 hydroxy-2if- 1 -benzopyran-4-yl).Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2- 

trifluoroeth vnaminolcarbonvIV 1 -piT)erazinepentanamide 




15 Step A: 




To a stirred solution of 5-bromo-2-furaldehyde (7.66 g; 43.8 mmol) in 
benzene (44 mL) was added ethylene glycol (6.02 mL; 109.5 mmol) and p- 
20 TsOH«H20 (108 mg; 0.57 mmol). The reaction vessel was equipped with a Dean- 
Stark apparatus and heated to reflux for 75 minutes. The reaction mixture was poured 
in Et20 (750 mL) and washed with saturated NaHC03 solution, water and brine. The 
organic layer was dried (MgS04), filtered, and concentrated in vacuo. The crude 
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product was purified by flash column chromatography (gradient elution 4% to 5% 
EtOAc/hexane) to provide the desired compound as a pale yellow oil. iH-NMR (300 
MHz, CDCI3): 5 3.98-4.15 (complex m, 4H), 5.87 (s, IH), 6.28 (d. J=3.2Hz, IH), 

6.41 (d, J=3.6Hz, IH). 

5 

Step B: 




To a stirred solution of the intermediate from Step A (1.19 g; 5.43 
mmol) in dry THF (29 mL) cooled to -78 °C was added dropwise NBuLi (6.7 mL; 

10 1 1.4 mmol). After 30 minutes a solution of trimethyltin chloride (1.19 g; 5.97 nmiol) 
in dry THF (3 mL) was added dropwise. The reaction was allowed to warm to 
ambient temperature over 40 minutes. The volatiles were removed in vacuo and the 
residue was poured in Et20 (200 mL), washed with saturated NaHC03, water, and 
brine, dried (Na2S04), filtered, and concentrated in vacuo to provide the stannane 

15 which was used without further purification. iH-NMR (300 MHz. CDCI3): 5 0.32 (s, 
9H), 4.00-4.14 (complex m, 4H), 5.98 (s, IH), 6.45 (d, J=3.0Hz, IH), 6.52 (d, 
J=3.2Hz, IH). 



Step C: 




A suspension (60% wt) of NaH in mineral oil (1.36 g; 34.0 mmol) was 
charged to a flask under nitrogen atmosphere and washed two times with dry THF. It 
was then suspended in dry THF (100 mL) and cooled to 0 °C. A solution of 5-chloro- 
25 3-pyridinol (4.0 g; 30.9 mmol) in dry THF (100 mL) was added dropwise and the ice 
bath was removed. After 30 minutes, the reaction mixture was recooled to 0 °C, neat 
CF3SO2CI was dripped in and again allowed to reach ambient temperature. Volatiles 
were removed in vacuo and the residue was poured into EtOAc/Et20 (900 mL). The 
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organic layer was washed with water and brine, dried (MgS04), filtered, and 

concentrated to provide the desired compound which was used without further 
purification. iH-NMR (300 MHz, CDCI3): 6 7.68 (apparent t. J=2.2 Hz, IH), 8.51 (d, 

J=2.4 Hz, IH), 8.64 (d, J=2.0 Hz, IH). 

5 

StepD: 




To a stirred solution of intermediate prepared in Step C (500 mg; 1.91 
nmiol) in dry DMF (19 mL) under nitrogen was added Pd(PPh3)4 (66 mg; 0.057 

10 mmol) followed by AgO (237 mg; 1.91 mmol). After the mixture was stirred at 100 
for 5 minutes, a solution of the stannane prepared in Step B in dry DMF (2 mL) 
was added. After an additional 10 minutes the mixture was cooled to room 
temperature, filtered through celite, and diluted with EtOAc (400 mL). After washing 
successively with saturated NaHCOs solution, water and brine, drying (Na2S04), 

15 filtration, and removal of solvents in vacuOy the residue was purified by flash column 
chromatography (25% EtOAc/hexane) to provide the desired product. iH-NMR (400 
MHz, CDCI3): 5 4.00-4.19 (complex m, 4H), 5.98 (s, IH), 6.54 (d, J=4.0 Hz, IH), 

6.73 (d, J=4.0 Hz. IH), 7.93 (apparent t, J=2.0 Hz, IH), 8.42 (m, IH), 8.76 (m, IH). 
20 Step E: 




To a solution of intermediate prepared in Step D (430 mg; 1.71 mmol) 
dissolved in THF (20 mL) was added IN HCl (6.84 mL; 6.84 mmol). After 75 
minutes the solution was brought to basic pH by the addition of dilute NH4OH. THF 
25 was removed in vacuo and the residue was poured into EtOAc/Et20 (200 mL). After 
washing successively with saturated NaHC03 solution, water and brine, drying 
(Na2S04), filtration, and removal of solvents in vacuo, the residue was purified by 
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flash column chromatography (30% EtOAc/hexane) to provide the desired product. 
IH-NMR (300 MHz. CDCI3): 5 6.97 (d, J=3.7Hz. IH), 7.35 (d, J=3.7H2, IH), 8.11 

(apparent t, J=2.1Hz, IH), 8.57 (s, IH), 8.91 (s, IH), 9.71 (s, IH). 



StepF: (aR,Y5,25)-4-[[5-(5-chloro-3-pyridiny])-2-furanyl]methyl].7V-((3S,45)- 
3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-a- 
(phenylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l- 
pipcrazinepentanamide 



10 To a solution of aldehyde obtained from Step E (277 mg; 1.34 mmol) 

above and penultimate obtained from Example 12 Step D (500 mg; 0.89 mmol) in 
anhydrous DMF (9 mL) was added NaHB(OAc)3 (283 mg; 1.34 mmol). After 18 
hours the solution was poured into EtOAc, washed with saturated NaHC03 solution, 
water and brine, dried (Na2S04), filtered, and solvent removed in vacuo. Purification 

15 by Biotage column chromatography (40M, 5% MeOH/CH2Cl2) provided the tided 
compound as a white solid. iH-NMR (400 MHz, CD3OD): 5 1.40 (m, IH), 2.06 (m, 
IH), 2.37 (m, IH), 2.42-2.53 (complex m, 3H), 2.57-2.62 (m, IH), 2.70-2.82 
(complex m, 3H), 2.92-3.05 (complex m, 3H). 3.12 (dd, J=3.4, 8.0 Hz, IH), 3.69 (s, 
2H). 3.74-3.80 (complex m, 3H), 3.91-4.00 (complex m, IH), 4.04-4.11 (complex m, 

20 2H), 5.16 (d, J=4.1 Hz. IH), 6.48 (d, J=3.5 Hz, IH), 6.73 (dd, J=0.9. 8.2 Hz, IH), 
6.82 (apparent td, J=l.l, 7.5 Hz, IH), 7.00 (d, J=3.3 Hz, IH), 7.07-7.27 (complex m. 
7H), 8.13 (apparent t, J=2.1 Hz, IH), 8.41 (d, J=2.2 Hz, IH) 8.80 (d, 1=1.8 Hz, IH); 
electrospray ionization mass spectrum: m/e 756.4 (MH+ calcd for 
C38H41CIF3N5O6, 756.3). 

25 

EXAMPLE 47 

(a/?,Y5,2S)-yV-((35,45)-3,4-dihydro-3-hydroxy-2W-l-benzopyran-4-yl)-Y-hydroxy-4- 
[(5-phenyl-2-furanyl)methyl]-a-(phenylmethyl)-2-[[(2,2,2-trifluoroethyl)- 
aminolcarbonyll-l-piperazinepentanamide 
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F 



Step A: (a/?,Y5,25)-Ar-((35,45)-3,4-dihydro-3-hydroxy-2f/-l-benzopyran-4-yl)- 
Y-hydroxy-4-[(5-phenyl-2-furanyl)methyI]-a-(phenyIniethyl)-2- 
rr(2,2.2-trifluoroethvl)aniino1cart)onvl1-l-piperazinepentanamide 
5 To a solution of aldehyde obtained from Example 23 Step G (271 mg; 

1.58 mmol) and penultimate intennediate obtained from Example 12 Step D (594 mg; 

1.05 nunol) in anhydrous DMF (10 mL) was added NaHB(0Ac)3 (334 mg; 1.58 

mmol). After 18 hours the solution was poured into EtOAc, washed with saturated 
NaHC03 solution, water and brine, dried (Na2S04), filtered, and solvent removed in 

10 vacuo. Purification by Biotage column chromatography (40M; 4% MeOH/CH2Cl2) 
provided the titled compound as a white solid. iH-NMR (400 MHz, CD3OD): 

5 1.40 (m, IH). 2.05 (m, IH), 2.34-2.47 (complex m, 3H), 2.50-2.61 (complex m. 
2H), 2.72-2.77 (complex m, 2H), 2.83 (m, IH), 2.92-3.05 (complex m, 3H), 3.11 (dd, 
J=3.3, 8.0 Hz, IH), 3.66 (s. 2H). 3.69-3.80 (complex m, 3H), 3.91-4.04 (complex m, 

15 IH), 4.07-4.1 1 (complex m, 2H), 5.15 (d, J=3.9 Hz, IH), 6.39 (d, J=3.3 Hz, IH), 6.70 
(d, J=3.1 Hz. IH), 6.73 (apparent dd, J=1.0, 8.2 Hz, IH), 6.82 (apparent td, J=l.l, 7.6 
Hz, IH), 7.06-7.27 (complex m, 8H), 7.37 (apparent t, J=7.7 Hz, 2H), 7.66 (apparent 
d, J=7.2 Hz, 2H); electrospray ionization mass spectrum: m/e 721.5 (MH+ calcd for 
C39H43F3N4O6, 721.3). 

20 

EXAMPLE 48 

(cc/?,y5,25)-4-[(4-chloro-5-phenyl-2-furanyl)methyl]-iV-((3S,45)-3,4-dihydro-3- 
hydroxy-2^/-l-benzopyran-4-yl)-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2- 
trifluoroethvl)aminolcarbonyn-l-piperazinepentanamide 
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Step A: 




5 To a stirred solution of 3-chloro-2-phenyl-furan (200 mg; 1.12 mmol), 

(prepared as described in D. Obrecht, Helv. Chim. Acta 1989, 72, 447) in dry THF (10 
mL) cooled to -78 **C was added dropwise n-BuLi (0.470 mL; 1.23 mmol). After 35 
minutes, dry DMF (0.130 mL; 1.68 mmol) was added slowly. Fifteen minutes later 
the solution was allowed to stir at ambient temperature 2 hours. The reaction was 
10 quenched with saturated NaHCOs and poured in EtOAc/Et20 (80 mL). After 

washing with water and brine, drying (MgS04), filtration, and removal of solvents in 

vacuo, the residue was purified by Biotage column chromatography (i2M; 7% 
EtOAc/hexane) to provide the desired product. iH-NMR (300 MHz, CDCI3): 5 7.28 

(s, IH), 7.43-7.51 (complex m, 3H), 8.06 (apparent d, J=7.8 Hz, 2H), 9.64 (s, IH). 

15 

StepB: (a/?,Y5,25)-4-[(4-chIoro-5-phenyl-2-furanyl)methyl]-Ar-((35,45)-3,4- 
dihydro-3-hydroxy"27f-l-benzopyran-4-yl)-Y-hydroxy-a- 
(phenylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]- 1 - 
piperazinepentanamide 

20 

From a solution of the aldehyde obtained from Step A above (41 mg; 
0.200 mmol), penultimate intermediate from Example 12 Step D (75 mg; 0.133 
mmol), and NaHB(0Ac)3 (43 mg; 0.200 mmol) in anhydrous DMF (1.2 mL) using 

the procedure from Example 46 Step F was obtained after purification by Biotage 
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column chromatography (12M; 5% MeOH/CH2Cl2) the titled compound as a white 
solid. IH-NMR (400 MHz, CDC3OD): 5 1.39 (m, IH), 2.06 (m, IH), 2.33-2.46 
(complex m, 3H), 2.49-2.55 (m, IH), 2.57-2.62 (m, IH), 2.72-2.86 (complex m, 3H), 
2.91-3.05 (complex m, 3H), 3.11 (dd. 1=3.3, 8.0 Hz, IH), 3.66 (s, 2H), 3.71-3.79 
5 (complex m, 3H), 3.91-4.04 (complex m, IH), 4.07-4.11 (complex m, 2H), 5.16 (d, 
J=4.1 Hz, IH), 6.49 (s, IH), 6.73 (apparent d, J=8.2 Hz, IH), 6.82 (apparent td, J=l.l, 
7.5 Hz, IH), 7.07-7.27 (complex m, 7H), 7.33 (m, IH), 7.43 (apparent t, J=7.6 Hz, 
2H), 7.89 (apparent d, J=7.3 Hz, 2H); electrospray ionization mass spectrum: m/e 
755.4 (MH+ calcd for C39H42CIF3N4O6, 755.3). 

10 

EXAMPLE 49 

((xR,Y5,2S)-Ar-((3S,45)-3,4-dihydro-3-hydroxy-2ff-l-benzopyran-4-yl)-Y-hydroxy-a- 
(phenylmethyl)-4-[[5-(2-pyridinyl)-2-furany!]methyl]-2-[[(2,2,2-trifluoroethyl)- 
aminolcarbonvll-l-piperazinepentanamide 




F 
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To a stirred solution of the stannane obtained from Example 46, Step B 
(630.0 mg; 2.08 mmol) in anhydrous DMF (20 mL) under N2 was added 2- 
bromopyridine (0.397 mL; 4.16 mmol) and Pd(PPh3)4 (72 mg; 0.0624 mmol). The 
reaction vessel was heated to 100 ""C for 40 minutes. The reaction mixture was poured 
5 in EtOAc and washed with water and brine. After drying (Na2S04), filtration and 

removal of the solvent in vacuo, purification employing flash chromatography (30% 
EtOAc/hex) provided the desired acetal. iR NMR (300 MHz, CDCI3) 6 4.03-4.10 
(complex m, 2H), 4.12-4.19 (complex m, 2H), 6.03 (s, IH), 6.57 (d, J=3.4 Hz, IH). 
7.03 (d. J=3.4 Hz, IH), 7.16 (m. IH), 7.68-7.74 (complex m, 2H), 8.58 (m, IH). 

10 

StepB: 




To a stirred solution of the acetal obtained in Step A (388.0 mg; 1.79 
15 mmol) in THF (20 mL) was added IN HCl (7.2 mL; 7.2 mmol). After approximately 
1.25 hours, dilute NH4OH was added until the pH of the reaction was basic. The 
mixture was then poured into EtOAc and washed with water and brine. Drying 
(Na2S04), filtration and removal of the solvent in vacuo provided the desired 
aldehyde. iH NMR (300 MHz, CDCI3) 5 7.25 (d, 1=3.7 Hz, IH), 7.29 (m, IH), 7.35 
20 (d. J=3.6 Hz, IH), 7.80 (m, IH), 7.93 (m, IH), 8.65 (m, IH), 9.72 (s, IH). 

StepC (oc/?.Y5,25)-N-((35,4S)-3,4-dihydro-3-hydroxy-2//^-l-benzopyran-4-yl)- 
Y-hydroxy-a-(phenyImethyl)-4-[[5-(2-pyridinyl)-2-furanyI]methyl]-2- 
rff2.2.2 -trifluoroethvl)amino1carbonvn-l-piperazinepcntanamide 
25 From the aldehyde as obtained in Step C above (727.0 mg; 4.2 mmol), 

penultimate intermediate as obtained in Example 12, Step D (1.58 g; 2.79 mmol) and 
NaBH(0Ac)3 (890.0 mg; 4.2 mmol) in anhydrous DMF (20 mL) following the 

general reductive amination procedure as described for Example 53, Step E was 
obtained the desired compound after Biotage flash chromatography (5% 
30 MeOH/DCM) followed by recrystallization from hot EtO Ac/hex. iH NMR (400 

MHz, CD3OD) 5 1.41 (m, IH), 2.05 (m, IH), 2.33-2.49 (complex m, 4H). 2.50-2.57 



-224 - 



wo 01/38332 



PCT/US00y32089 



(m. IH). 2.58-2.65 (m, IH), 2.69-2.85 (complex m, 4H), 2.91-3,08 (complex m. 4H), 
3.12 (dd, J=3.3, 8.0 Hz, IH). 3.70 (s, 2H), 3.73-3.81 (complex m, 4H), 3.91-4.01 
(complex m, 2H), 4.02-4.12 (complex m, 2H), 5.15 (d, J=4.1 Hz, IH), 6.48 (d, J=3.3 
Hz, IH), 6.72 (d, J=8.0 Hz, IH), 6.82 (apparent td, J=1.0, 7.5 Hz, IH), 7.05-7.40 
5 (complex m, 9H), 7.77 (m, IH), 7.84 (apparent td, J=1.6, 7.5 Hz, IH), 8.49 (apparent 
d, J=4.8 Hz, IH); electrospray ionization mass spectrum: m/e 722.5 (MH+ calcd for 
C38H43F3N5O6, 722.3). 

EXAMPLE 50 

10 (ot/?,Y5,25)-4-[[5<5-chloro-2.pyridinyl)-2-furanyl]methyi]-^^-((3S,45).3,4-dih 
hydroxy-2W-l-benzopyran-4-yl)-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2- 
trifluoroethvnaminolcarbonvH- 1 -piperazinepentanamide 



This intermediate was prepared in the same manner as Example 46 
Step C, employing NaH suspension (340 mg; 8.47 mmol), 5-chloro-2-pyridinoI (1.0 g; 
20 7.7 mmol), and CF3SO2CI (0.902 mL; 8.47 mmol). The crude product was purified 

by Biotage flash chromatography (40M; 7% EtOAc/hexane) to provide desired 




Step A: 
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compound as a pale yellow oil. iH-NMR (300 MHz, CDCI3): 5 7.16 (d, J=8.0Hz, 
IH), 7.86 (dd. J=8.6, 2.7H2, IH), 8.35 (d, J=2.2Hz, IH). 

Step B: 



5 




This intermediate was prepared in the same manner as Example 46 

Step D, employing triflate obtained from Step A above (814 mg; 3.1 1 mmol), 
Pd(PPh3)4 (108 mg; 0.093 mmol), AgO (385 mg; 3.11 mmol), and intermediate 

obtained from Example 46 Step B (L13g; 3.73 mmol). Biotage column 
10 chromatography (40S, 15% EtOAc/hexane) provided the bi-heteroaryl. iH-NMR (300 
MHz, CDCI3): 6 4.04-4.16 (complex m, 4H), 6.00 (s, IH), 6.57 (d, J=3.4Hz, IH), 

7.01 (d, J=3.4Hz, IH), 7.66 (s, IH), 8.51 (s, IH). 
Step C: 



15 




This aldehyde was prepared in the same manner as Example 46 Step E, 
employing the acetal obtained from Step B above (685 mg; 2.72 mmol). The desired 
aldehyde was obtained as a pale yellow solid and was used after workup without 
20 further purification. iH-NMR (400 MHz, CDCI3): 5 7.26 (d, J=3.7Hz, IH), 7.37 (d, 

J=3.7Hz, IH), 7.78 (dd, J=8.4, 2.3 Hz, IH), 7.90 (d, J=8.4Hz, IH), 8.61 (d, J=2.5Hz, 
IH), 9.73 (s, IH). 

The aldehyde was also prepared as follows: 

25 
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OEt 



EtO 




1. n-BuLi.TMEDA. THF 

2. ZnCl2 



OEt 




THF (125 mL; KF <200ppm), TMEDA (24.40 mL; 1.1 eq.; 
KF<125ppm) and 2-furaldehyde diethyl acetal (24.80 mL) were added at room 
5 temperature to a IL round bottomed flask equipped with a thermocouple, an overhead 
stirrer, N2 inlet and an addition funnel. The solution, was cooled to -40 ^'C over 15 
min., and then n-BuLi (101 mL; 1.1 eq.) was added over 1 hour with the temperature 
maintained at less than -20 °C. The mixture was stirred 15 min at -25 "^C, and then 
assayed via LC. The assay showed 96% deprotonation. The reaction mixture was 

10 then cooled to -35 ^'C, and a slurry of 1.5M ZnClz/THF (68.5 mL; 0.7 eq.; KF = 

680ppm - dried by soxhiet distillation through molecular sieves for 3 days) was added 
over 1 h while maintaining the temperature at less than <-20 °C throughout the 
addition. The mixture was then stirred for 30 min at -25 ''C and warmed to 25 **C over 
60 min. Solid Pd(dppf)Cl2 (0.60g; 0.5 mol%) was then added, followed by solid 2,5- 

15 dichloropyridine (23.91g; 1 . 1 eq.), each in one portion. The mixture was then heated 
to 55 ""C and aged for 3 h (95% conversion by NMR assay; -85% assay yield by LC), 
after which the mixture was allowed to cool to room temperature and stirred 
overnight. 

The reaction mixture was then cooled to 0 and quenched with 5 "^C 
20 5M AcOH (294 mL; 5 eq.) over 10 min with the temp, maintained less than 25 °C 
throughout. The mixture was agitated for 15 min at 23 °C and then allowed to settle 
for 2 h. The aqueous layer was removed and the organic layer was cooled to 0 °C, 
followed by addition thereto of 5 10% NaOH (250 mL; 5 mL/g) over 10 min with 
the temperature maintained <25 °C throughout. The mixture was agitated for 15 min 
25 at 23 X, allowed to settle for 2 h, the aqueous layer removed, followed by addition of 
sat'd brine (62.5 mL; 2.5 mL/g) over 2 min with the temp, maintained less than 25 °C. 
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The mixture was agitated for 15 min at 23 °C, allowed to settle for 2 h, and the 
aqueous layer removed. 

The organic soln. was concentrated down to 5 mL/g (125 mL) under 
vacuum with the soln/s temperature maintained between 25-35 *^C. The concentrated 
5 solution was then diluted to 10 mL/g (250 mL) with heptane. This was repeated twice 
more to solvent switch completely to heptane (THF <I%), Darco G-60 (12,5 g) was 
added to the solution, and the mixture was heated to 50 for 2h, cooled to 23 °C 
over 1 h and aged at 23 **C for 15h. The mixture was then filtered through solka floe 
(25 g) and the filtercake was washed with heptane (250 mL). 

10 The heptane solution of the acetal was then added to a 500 mL round 

bottomed flask equipped with a thermocouple, an overhead stirrer, an N2 inlet and a 
distillation setup, concentrated down to 340 mL, and then diluted up with THF (25 
mL). One quarter of an acid charge consisting of HCl (5M; 3 mL = 10 mol% based 
on starting acetal) diluted in 12.5 mL of THF was added to the acetal soln. over 1 min 

15 and aged for 5 min at room temperature. The batch was then seeded with aldehyde 
0.25g and aged at room temperature for 15 min upon which some of the aldehyde 
began to crystallize out. The remaining acid charge was then added over 5 min and 
the slurry was aged at room temperature for 2h. After such time, the deprotection was 
only 90% complete as determined by LC assay, so an additional 0.3 mL of acid was 

20 added to the slurry. The slurry was aged for an additional 30 min with little change in 
the percentage of deprotected aldehyde. 

The slurry was constant volume batch concentrated at --350 mL with 
200 mL of heptane being flushed through to remove the THF and the EtOH which 
formed upon deprotection. (The temperature of the slurry was maintained <35 ®C). 

25 iThe slurry was diluted to 375 mL with heptane and cooled to 23 °C. The deprotection 
was complete at this time, with only about 1% acetal remaining. The solid aldehyde 
was filtered and displacement washed with 250 mL of r.t. heptane and dried overnight 
under a stream of nitrogen. The aldehyde was then dried for 2 days at 40 ''C and 200 
torr. 

30 

StepD: (a/?,Y5,2S)-4-[[5-(5-chloro-2-pyridinyl)-2-furanyl]methyl]-N<(35,45)- 
3,4-dihydro-3-hydroxy-2ff-l-benzopyran-4-yl)-Y-hydroxy-a- 
(phenylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]- 1 - 
piperazinepentanamide 

35 
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From a solution of the aldehyde obtained from Step C above (42 mg; 
0.200 mmol), penultimate intermediate from Example 12 Step D (75 mg; 0.133 
mmol), and NaHB(0Ac)3 (43 mg; 0.200 mmol) in anhydrous DMF (1.2 mL) using 
the procedure from Example 46 Step F, the titled compound was obtained after 
5 purification by Biotage column chromatography (12M; 4% MeOH/CH2Cl2) as a 
white solid. IH-NMR (400 MHz, CD3OD): 6 1.39 (m, IH), 2.06 (m, IH), 2.33-2.46 
(complex m, 3H), 2.49-2.55 (m, IH). 2.57-2.62 (m. IH). 2.72-2.82 (complex m. 3H), 
2.91-3.06 (complex m. 3H). 3.10 (dd, J=3.3, 8.0 Hz, IH), 3:69 (s, 2H), 3.71-3.80 
(complex m, 3H). 3.94-4.02 (complex m, IH). 4.04-4.08 (complex m, 2H), 5.15 (d, 
10 J=4.1 Hz, IH). 6.48 (d. J=3.3 Hz, IH). 6.73 (dd. J=1.2, 8.2 Hz, IH), 6.82 (apparent td. 
J=1.2, 7.5 Hz, IH), 7.06 (d, J=3.3 Hz, IH), 7.07-7.28 (complex m. 7H), 7.74 (dd. 
J=0.8. 8.6 Hz, IH), 7.86 (dd, J=2.5. 8.6 Hz, IH), 8.49 (m, IH); electrospray ionization 
mass spectrum: m/e 756.4 (MH+ calcd for C38H41CIF3N5O6. 756.3). 

Crystals of the title compound were obtained from n-propanol. m.p = 

15 204-206X. 



EXAMPLE 51 

(a/?.YS.25)-Ar-((35.45)-3.4-dihydro-3-hydroxy-2i?-l-benzopyran-4-yI)-Y-hydroxy-4- 
20 [[5-(2-methyl-4-pyridinyl>2-furanyl]methyl]-a-(phenylmethyl)-2-[[(2,2,2- 

trifluoroethvnaminoka rbonvn-l-piperazinep entanamiHft 




25 Step A: 
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Br 




To a stirred suspension of 4-bromopyridine hydrochloride (20.7g; 
106.4 mmol) in dry THF (500 mL) cooled to -78 °C was added over 25 minutes 
MeMgBr (152 mL; 212.8 mmol). After 15 minutes, phenyl chloroformate (13.4 mL; 
5 106.4 mmol) was added dropwise. After 20 minutes the reaction was allowed to warm 
to ambient temperature. The reaction was quenched with saturated NH4CI solution 
and poured into Et20 (600 mL); washed with H20, 2N HCl, H2O, and brine; dried 
(Na2S04), filtered and concentrated. The residue was dissolved in dry toluene (450 
mL) and a solution of o-chloranil (26.2 g; 106.4 mmol) in AcOH (220 mL) was 
10 added. After stirring 25 hours, the reaction was cooled to 0 and made basic with 
NaOH solution. The mixture was filtered through celite, the organic layer washed 
with H2O and three times with 2N HCl. The acid extracts were combined, washed 
with Et20, and made basic with NaOH solution, then extracted three times with 
CH2CI2. Drying (Na2S04), filtration, and removal of volatiles in vacuo provided the 

15 desired compound as a yellow oil which was used without further purification. iH 
NMR (300 MHz, CDCI3): 8 2.52 (s, 3H), 7.27 (m. IH), 7.34 (d. J=1.4 Hz, IH), 8.30 

(d, J=5.3 Hz, IH). 
StepB: 



20 




From a stirred solution of the intermediate from Step A above (800 
mg; 4.65 mmol), stannane intermediate from Example 46 Step B (986 mg; 3.26 
nmiol), and Pd(PPh3)4 (161 mg; 0.140 mmol) in anhydrous DMF (23 mL), using the 

procedure from Example 49 Step A the desired compound was obtained after 
25 purification by flash column chromatography (50% EtOAc/hexane). iH-NMR (400 
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MHz, CDCI3): 6 2.58 (s, 3H), 4.04-4.22 (complex m. 4H). 6.01 (s, IH), 6.56 (d, J=3.0 
Hz, IH). 6.83 (d, J=3.2 Hz, IH). 7.34 (m, IH), 7.42 (s, IH). 8.49 (d, J=5.0 Hz. IH). 

Step C: 



5 




10 



15 



20 



25 



30 



From a stirred solution of intermediate from Step B above (370 mg; 

1.60 mmol) and HCl solution (6.4 mL; 6.4 mmol) in THF (16 mL), following the ' 
procedure described in Example 46 Step E, the desired aldehyde was obtained after 
workup and was used without further purification. iH-NMR (300 MHz, CDCI3): 5 

2.61 (s, 3H), 7.00 (d. J=3.7 Hz, IH), 7.33 (d, J=3.6 Hz. IH). 7.45 (dd. J=5.4. 1.3 Hz, 
IH). 7.55 (s, IH), 8.57 (d, J=4.2 Hz. IH), 9.71 (s, IH). 

StepD: (aR.Y5.25)-A?-((3S.45)-3.4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl)- 

Y-hydroxy-4-[[5-(2-methyl-4-pyridinyl)-2-furanylJmethyl]-a- 

(phenyImethyl)-2-[[(2,2.2-trifIuoroethyl)amino]carbonyi]-l - 
piperazinepentanamide 

From a solution of the aldehyde obtained from Step C above (297 mg; 
1.59 mmol), penultimate intermediate from Example 12 Step D (628 mg; 1 11 mmol) 
and NaHB(0Ac)3 (337 mg; 1.59 mmol) in anhydrous DMF (12 mL), using the 
procedure from Example 46 Step F the titled compound was obtained after flash 
column chromatography (5% MeOH/CH2Cl2). iH-NMR (400 MHz, CD3OD): 5 1.40 
(m. IH), 2.06 (m, IH), 2.33-2.56 (complex m, 4H), 2.53 (s, 3H), 2.60 (m, IH), 2.69- 
2.83 (complex ra, 3H). 2.94 (m, IH), 3.00-3.08 (complex m, 2H), 3.11 (dd, J=3.3, 8.0 
Hz, IH). 3.69 (s, 2H), 3.73-3.81 (complex ra. 3H). 3.91-4.04 (complex m, IH), 4.04- 
4.11 (complex m, 2H), 5.15 (d, J=4.1 Hz, IH), 6.48 (d, J=3.4 Hz. IH), 6.73 (d,'j=8.2 
Hz, IH). 6.82 (apparent t, J=7.4 Hz. IH), 7.06 (d, J=3.5 Hz, IH), 7.11 (apparent t, 
J=8.5 Hz. 2H), 7.15-7.27 (complex m, 5H), 7.47 (dd, J=1.4, 5.5 Hz, IH), 7.55 (s, IH), 
8.35 (d. J=5.5 Hz. IH); electrospray ionization mass spectrum: m/e 736 5 (MH+ calcd 
for C39H44F3N5O6, 736.3). 



-231 - 



wo 01/38332 



PCT/USOO/32089 



EXAMPLE 52 

(cx/?,YS,25)-iV-((3S,45)-3,4-dihydro-3-hydroxy-2//-I-benzopyran-4-yI)-4-[(5-(2-ethyI- 
4-pyridinyl)-2-furanyl]methyl]-Y-hydroxy-a-(phenylmethyl)-2-|;[(2,2,2- 
5 trifl uoroethvnaminolcarbon vll- 1 -piperazinepentanamide 




10 Step A: 

Br 




From 4-bromopyridine hydrochloride (5.0 g; 25.7 mmol) and EtMgBr 
(51.4 mL; 51.4 mmol) and using the procedure from Example 51 Step A, the desired 
15 intermediate was obtained and used without further purification. iH NMR (300 MHz, 
CDCI3): 5 1.29 (t, J=7.6 Hz. 3H), 2.80 (q, J=7.6 Hz, 2H), 7.28 (dd. J=5.3, 1.8 Hz, 

IH), 7.34 (d, J=1.9 Hz, IH), 8.33 (d, J=5.3 Hz, IH). 
Step B: 
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From a stirred solution of the intermediate from Step A above (1.10 g; 
5.94 mmol), stannane intermediate from Example 46 Step B (1.50 g; 4.95 mmol), and 
Pd(PPh3)4 (172 mg; 0.149 mmol) in anhydrous DMF (30 mL), using the procedure 
5 from Example 49 Step A, the desired compound was obtained after purification by 
Biotage column chromatography (40% EtOAc/hexane). iH-NMR (300 MHz, 
CDC13): 5 1.33 (t, J=7.6 Hz, 3H), 2.84 (q, J=7.6 Hz, 2H), 4.03-4.19 (complex m, 4H), 
6.00 (s, IH), 6.56 (d, J=3.5 Hz, IH), 6.81 (d, J=3.4 Hz, IH), 7.32 (dd, J=5.3, 1.6 Hz, 
IH), 7.40 (s, IH). 8.51 (d, J=5.2 Hz, IH). 

10 

Step C: 




From a stirred solution of intermediate from Step B above (1.09 g; 4,44 
15 mmol) and HCl solution (17.8 mL; 17.8 mmol) in THE (40 mL), following the 

procedure described in Example 46 Step E, the desired compound was obtained after 
workup and was used without further purification. IH-NMR (300 MHz, CDCI3): 5 
1.35 (t, J=7.6 Hz, 3H), 2.89 (q, J=7.6 Hz, 2H), 7.02 (d, J=3.7 Hz, IH), 7.34 (d, J=3.8 
Hz, IH), 7.46 (dd, J=5.2, 1.6 Hz, IH), 7.55 (s, IH), 8.60 (d, J=5.2 Hz, IH), 9.72 (s, 
20 IH). 

StepD: (CX/f,Y5,25)-Ar-((35.45)-3,4-dihydro-3-hydroxy-2//-l.benzopyran-4-yl)- 
4-[[5-(2-ethyl-4-pyridinyl)-2-furanyl]methyl]-Y-hydroxy-a- 
(phenylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonyI]-l- 
25 piperazinepentanamide 
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From a solution of the aldehyde obtained froni Step C above (29 mg; 
0.146 mmol), penultimate intermediate from Example 12 StepD (55 mg; 0.097 
mmol), and NaHB(OAc)3 (31 mg; 0.146 mmol) in anhydrous DMF (1.0 mL), using 

the procedure from Example 46 Step F, the titled compound was obtained after 
5 workup as a white solid and was used without further purification. iH-NMR (400 
MHz, CD3OD): 5 1.31 (t, J=7.6 Hz, 3H). 1.40 (m, IH), 2.06 (m, IH), 2.37 (m, IH), 

2.42-2.54 (complex m, 3H), 2.60 (m, IH), 2.60 (m, IH), 2.70-2.84 (complex m. 5H), 
2.94 (m, IH), 3.01-3.07 (complex m, 2H), 3.11 (dd, J=3.2, 8.1 Hz, IH), 3.69 (s, 2H), 
3.73-3.81 (complex m, 3H), 3.91-4.04 (complex m, IH), 4.04-4.11 (complex m, 2H), 
10 5.15 (d, J=3.9 Hz, IH), 6.49 (d, J=3.3 Hz, IH), 6.73 (d, J=8.2 Hz, IH), 6.82 (apparent 
t, J=7.1 Hz, IH), 7.06-7.27 (complex m, 8H), 7.48 (dd, J=1.6, 5.5 Hz, IH), 7.56 (s, 
IH), 8.38 (d, J=5.3 Hz, IH); electrospray ionization mass spectrum: m/e 750.5 (MH+ 
calcd for C40H46F3N5O6, 750.3). 



15 EXAMPLE 53 

(a/?,Y5,25)-iV-((35,45>3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-4- 
[[5-(5-oxazolyl)-2-furanyl]methyl]-a-(phenylmethyl)-2-[[(2,2,2-trinuoroethyl)- 
aminolcarbon vll- 1 -piperazi nepentanamide 
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To a stirred solution of 2-furaIdehyde (25.0 g; 260 mmol) in benzene 
(260 mL) was added ethylene glycol (37.0 mL; 650 mmol) and p-toluenesulfonic acid 
monohydrate (645mg; 3.9 mraol). The reaction vessel was equipped with a Dean- 
Stark apparatus and heated to reflux for 5 hours. The reaction mixture was poured in 
5 diethyl ether (1 .7 L) and washed with saturated NaHCOs solution, water and brine. 
After drying (MgS04), filtration and removal of the solvent in vacuo, purification 
employing flash chromatography (5% EtOAc/hexane) provided the desired acetal. iH 
NMR (400MHz, CDCl3) 5 3.99-4.08 (complex m, 2H), 4.11-4.18(complex m, 2H), 
5.93 (s, IH), 6.37 (dd, J=1.8, 3.4 Hz, IH), 6.46 (d, J=3.3 Hz, IH). 7.44 (dd, Ji=J2=0.9 
10 Hz, IH). 

StepB: 




*5 To a stirred solution of the aceta] obtained in Step A (932 mg; 6.74 

mmol) in anhydrous THF (20 mL) cooled to -78 °C was added tBuLi (4.36 mL; 7.4 
mmol) dropwise. After one hour at -78 °C, DMF (0.782 mL; 10.11 mmol) was added. 
The cooling bath was removed and the reaction vessel was allowed to reach ambient 
temperature at which time the contents of the reaction were poured into Et20. The 

20 combined organic layers were washed sequentially with dilute NH4CI solution, water 
and brine. After drying (MgS04), filtration and removal of the solvent in vacuo, 
purification employing flash chromatography (15% EtOAdhex) provided the desired 
aldehyde. iR NMR (300 MHz. CDCI3) 5 4.00-4.17 (complex m, 4H), 5.99 (s, IH). 
6.61 (d, J=3.5 Hz. IH), 7.19 (d. J=3.4 Hz. IH). 9.64 (s, IH). 

25 

StepC 




To a stirred solution of the aldehyde obtained in Step B (382 rag; 2.27 
30 mmol) in anhydrous THF (20 mL) cooled to 0 "C was added sequentially 1 H- 
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benzotriazol-l-ylmethyl isocyanide (359 mg; 2.27 mmol), EtOH (0.266 mL; 4.54 
mmol) and potassium r^rf-butoxide (4.54 mL; 4.54 mmol). After approximately 30 
minutes at 0 °C, the cooling bath was removed and the reaction vessel was allowed to 
reach ambient temperature at which time the contents of the reaction were poured into 
5 EtOAc. The combined organic layers were washed with water and brine. After drying 
(MgS04), filtration and removal of the solvent in vacuo^ purification employing flash 

chromatography (30% EtOAc/hexane) provided the desired oxazole. iH NMR (400 
MHz, CDCI3) 5 4.01-4.10 (m. 2H), 4.12-4.20 (m, 2H), 5.98 (s, IH), 6.54 (d, J=3.6 

Hz, IH). 6.62 (d, J=3.6 Hz, IH), 7.31 (s, IH). 7.85 (s, IH). 

10 

Step D 




To a stirred solution of the oxazole obtained in Step C (225 mg; 1.08 
15 mmol) in THF (6 mL) was added IN HCI (4.32 mL; 4.32 mmol). After approximately 
4 hours the contents of the reaction were poured into EtOAc. The combined organic 
layers were washed with dilute NH4OH, water and brine. After drying (MgS04), 

filtration and removal of the solvent in vacuo, purification employing flash 
chromatography (30% EtOAc/hex) provided the desired aldehyde. iH NMR (400 
20 MHz, CDC13) 8 6.8 (d, J=3.7 Hz. IH), 7.34 (d, J=3.8 Hz, IH), 7.59 (s, IH), 7,98 (s. 

IH). 9.70 (s, IH), 

Step E (aR,Y5,25)-A^-((35,45)-3,4-dihydro-3-hydroxy-2//- 1 -beTizopyran-4-yl)- 

Y-hydroxy-4-[[5-(5-oxazolyl)-2-furanyl]methyl]-a-(phenylmethyl)-2- 
25 Ff (2,2.2-trifluoroeth vDaminolcarbonvll- 1 -piperazinepentanamide 

To a stirred solution of the penultimate intermediate obtained from 
. Example 12 Step D (17 mg; 0.030 mmol) in anhydrous DMF (0.5 mL) under N2 was 

added the aldehyde obtained in Step D above (7.3 mg; 0.045 mmol) followed by 
30 NaBH(OAc)3 (9.5 mg; 0.045 mmol). The reaction was stirred overnight. The 

following morning, the reaction solution was poured into EtOAc and washed with 
water and brine. After drying (MgS04), filtration and removal of the solvent in vacuo. 
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purification employing flash chromatography (5% MeOIW)CM) provided the desired 
product after lyophilization from MeCN/H20 (1:1). iH NMR (400 MHz, CD3OD) 
6 1.40 (m. IH). 2.06 (m, IH). 2.34-2.52 (complex m. 4H). 2.54-2.61 (m. IH), 2.68- 
2.79 (complex m, 4H), 2.92-3.06 (complex m, 4H), 3.10 (dd. J=3.4. 7.7 Hz, IH). 3.65 
5 (s, 2H), 3.73-3.79 (complex m, 4H), 3.94-4.01 (complex m, 2H). 4.05-4.12 (complex 
m. 2H). 5.15 (d, J=3.9 Hz, IH), 6.45 (d, J=3.5 Hz, IH), 6.71 (d, J=3.5 Hz, IH), 6.73 
(d, J=8.2 Hz, IH), 6.82 (apparent td, J=1.2, 7.6 Hz, IH), 7.08-7.15 (m, 2H), 7.18-7.22 
(complex m, 6H), 8.20 (s, IH); electrospray ionization mass spectrum: mJe 111 A 
(MH+ calcd for C36H41F3N5O7, 712.3). 

10 

EXAMPLE 54 

(a/?,Y5.25)-yV-((35,4S)-3,4-dihydix)-3-hydroxy-2«-l-benzopyian^.y|)-Y-hydrx)xy-a- 
(phenylmethyl)-4-[[l-(4-pyridiny])-li/-pyrro!-3-yl]methylJ-2-[[(2,2,2- 
trifluoroeth vnaminolcarh nnvll- 1 -piperazinepentanamirip 




Step A 

CHO 
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A solution of 4-aiTunopyridine (0.094 g, 1.0 mmol) and 2,5- 
dimethoxytetrahydrofurane (0.20 g, 1.25 mmol) in acetic acid (1 mL) was heated at 
90^C for 2 hours. The pH of the solution was adjusted to 10 with IN NaOH. The 
5 aqueous layer was then extracted with dichloromethane (3 x 10 mL). The combined 
dichloromethane layers were washed with brine and dried over sodium sulfate. 
Removal of the solvent afforded the title compound as a light brown oil. The 
compound was pure enough for the next step. iH NMR (300 MHz, CDCI3): 9.88 (s, 

IH), 8,70 (d, J= 3 Hz, 2H), 7.80 (s, IH), 7.36 (d, J= 3 Hz, 2H), 7.22 (s, IH), 6.85 (s, 
10 IH). 



StepB (<x/?,Y5,25>A/^-((3S,45)-3,4-dihydro-3-hydroxy-2fr-l-benzopyran-4-yl)- 
Y-hydroxy-a-(phenylmethyl)-4-[[ I -(4-pyridinyl)-l H-pyrrol-S- 
yl]methy!]-2- [[(2,2,2-trifluoroethyl)amino]carbonyl]-l - 
15 piperazinepentanamide 



A mixture of the aldehyde from Step A (1 8.9 mg, 0.1 1 mmol), 
penultimate from Example 12 Step D (40 mg, 0.073 mmol), and sodium 
triacetoxyborohydride (23 mg, O.ll mmol) in anhydrous dichloroethane (2 mL) was 
20 stirred at room temperature overnight. After 18 hours, the solvent was removed via 
vacuum. Preparative TLC purification (EtOAc/hexane) gave the titled compound as a 
white solid. iH NMR (400 MHz, CDCI3) 1:1 rotamers: 9.20 (br s, IH), 8.63 (dd, J = 

4.8, 1.6 Hz, 2H), 7.08-7.35 (m, 12H), 6.82 (m, 2H), 6.30 (s, IH), 6.94 (d, J = 8.4 Hz, 
IH), 5.18 (m, IH), 4.00-4.20 (m. 4H), 3.77 (m, 2H). 3.49 (AB q, J = 36. 13.2 Hz, 2H), 
25 3.37 (s, IH), 2.41-3.05 (m, IIH). 2.37 (m, IH), 1.92 (m, IH), 1.59 (m, IH). LC-MS 
(M++1)(EI)721. 



EXAMPLE 55 

(cx/?,Y5,25)-/V-((3S,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-a- 
30 (phenylmethyl)-4.[[l-(3-pyridinyl)-l//-pyrrol-3-yl]methyl]-2-[[(2,2,2- 

trifluoroethyDaminolcarbonvll-l-piperazinepentanamide 
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Step A 




5 

A solution of 3-aminopyridine (0.094 g, 1.1 mmol) and 2,5- 
dimethoxytetrahydrofuran (0.20 g, 1.25 mmol) in acetic acid (1 mL) was heated at 
80 °C for 1 hour. The pH of the solution was adjusted to 10. The mixture was then 
extracted with dichloromethane (3 x 15 mL). The combined dichloromethane layers 
10 were washed with brine, and dried over sodium sulfate. The titled compound was 

obtained as a yellow solid. iH NMR (CDCI3, 400 MHz): 9.90 (s, IH), 8.80 (d, J = 2.8 
Hz, IH), 8.64 (dd, J = 4.8. 1.6 Hz, IH), 7.77 (m. IH), 7.70 (d, J = 1.6 Hz. IH), 7.47 
(m, IH). 7.1 1 (d, J= 2.4 Hz, IH), 6.87 (dd, J = 3.2, 2 Hz, IH). 
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StepB: (a/?,Y5,25)-A?-((35,4S)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-y^ 
Y-hydro\y-a-(phenylmethyI)-4-[[l-(3-pyridinyl)-l//-pyrrol-3- 
yl]methyl]-2-'[[(2,2,2-trifluoroethyl)amino]carbonyl]^l- 
piperazinepentanamide 

5 

A mixture of the aldehyde from Step A (1 8.9 mg, 0. 1 1 mmol), 
penultimate fro Example 12 Step D (40 mg, 0.073 mmol), and sodium 
triacetoxyborohydride (23 mg,0.11 mmol) in anhydrous dichloroethane (2 mL) was 
stirred at room temperature overnight. After 18 hours, the solvent was removed via 
10 vacuum. The preparative TLC purification (EtOAc/Hexane) gave the titled compound 
as a white solid. iH NMR (CDCI3, 400 MHz): 9.30 (br s, IH), 8.75 (s, IH), 8.53 (d, 

J= 4 Hz, IH), 7.68 (m, IH), 7.40 (dd, J = 8.4, 5.2 Hz, IH), 7.23 (m, 4H), 7.16 (m, 
3H), 7.00(s, IH), 6.82 (m, 2H), 6.30 (s, IH), 6.02 (br s, IH), 5.19 (m, IH), 3.99- 4.20 
(m, 3H), 3.68-3.81 (m, 2H), 3.42-3.60 (m, 2H), 3.38 (s, IH), 2.61-3.10 (m, 8H), 2.50 
15 (m, 2H), 2.37 (m, IH), 1.90 (m, IH), 1.60 (m, IH). LC-MS (M+ +1)(EI) 721. 

EXAMPLE 56 

(a/?,Y5,25)-A^-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-a- 
(phenylmethyl)-4-[[5-(4-pyridazinyl)-2-furanyl]methyl]-2-[[(2,2,2-trifluoroethyl)- 
20 aminolcarbonvll-l-piperazinepentanamide 




25 Step A 
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A mixture of 5-bromo-2-(l,3-dioxalane)furan (0.50 g, 2.4 mmol), 
(trimethylsilyl)acetylene (0.31 mL, 2.28 nunol), piperidine (1 mL, 10 mmol), and 

5 catalytic amount of tetrakis(triphenylphosphine)palladium, Cul and 

triphenylphosphine was heated to reflux for 30 min. Water (10 mL) was added. The 
mixture was extracted with ethyl acetate (3 x 20 mL). The combined ethyl acetate 
layers were washed with brine and dried over sodium sulfate. Flash chromatography 
using EtOAc/hexane 1:9 as the elute gave the titled compound as a colorless oil. iH 
10 NMR (CDCI3, 400 MHz): 6.90 (d, J = 3.2 Hz, IH), 6.67 (d, J = 3.2 Hz, IH), 5.91 (s, 

IH), 4.00-4.20 (m, 4H), 0.22 (s, 9H). 
StepB 




15 

A solution of the titled compound from Step A (0.11 g, 0.47 mmol), 
1,2,4,5-tetrazine in acetonitrile (5 mL) was refluxed for 2 days. No starting material 
was observed by TLC (EtOAc/hexane 2:8). The solvent was removed. The residue 
was stirred with IM tetrabutylammonium fluoride (0.5 mL) in THF/water at room 

20 temperature for 2 days. Water (1 mL) was added and the mixture was extracted with 
ethyl acetate (3 x 15 mL). The combined ethyl acetate layers were washed with brine, 
and dried over sodium sulfate. Preparative TLC plate using 1:1 EtOAc/hexane as the 
elute afforded the pyridazine as a white solid (0.058 g, 58%). The pyridazine was then 
stirred with a mixture of IN HCl (1 mL) and THF (5 mL) at room temperature for 4 

25 hours. The mixture was basified with saturated sodium bicarbonate solution and 

extracted with dichloromethane (2x15 mL). The combined dichloromethane layers 
were dried over sodium sulfate. The titled compound was obtained as a yellow solid 
upon removal of the solvent. iR NMR (CDCI3, 400 MHz): 9.80 (s, IH), 9.57 (m, 
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IH), 9.31 (dd, J = 5.6, 1.2 Hz, IH). 7.84 (dd, J = 5.6. 2 Hz, IH). 7.41 (d, J = 4 Hz, 
IH), 7.21 (d,J = 4Hz, IH). 



5 



StepC 



(a/?,Y5.25>N-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)- 

Y-hydroxy-a-(phenylmethyl)-4-[[5-(4-pyridazinyl)-2-furanyl]methyl]- 

2-[f(2.2.2-trifluoroethvn-amino1carbonvn-l-piperazinepentanamide 



A mixture of the aldehyde from Step B (22 mg, 0.12 mmol). 



penultimate prepared as in Example 12 Step D (65 mg, 0.12 mmol), and sodium 
10 triacetoxyborohydride (38 mg, 0.18 mmol) in anhydrous dichloroethane (2 mL) was 
stirred at room temperature overnight. After 18 hours, the solvent was removed via 
vacuum. Preparative TLC purification (EtOAc/MeOH 9:1) gave the titled compound 
as a yellow solid. iH NMR (CDCI3, 400 MHz): 9.41 (s, IH), 9.16 (d, J =5.2 Hz, IH), 

8.79 (br s, IH), 7.59 (dd, J = 5.6, 2 Hz, IH), 7.08-7.36 (m, 7H), 7.02 (d, J = 3.6 Hz, 
15 IH), 6.80 (m, 2H), 6.46 (d, J = 3.2 Hz, IH), 6.06 (d, J = 8.4 Hz, IH), 5.17 (dd, J = 8, 4 
Hz, IH), 4,01-4.16 (m, 3H), 3.63-3.81 (m, 5H), 3.40 (s, IH), 2.62-3.12 (m, 9H), 2.48 
(m, 2H), 1.97 (m, IH), 1.59 (m, IH). LC-MS (M+ +1)(EI) 723. 

EXAMPLE 57 

20 (aR,Y'S,25)-7V-((35,45)-3,4-dihydro-3-hydroxy-2/f-l-benzopyran-4-yI)-Y-hydroxy^ 
[l-methyl-l-[3-methyl-5-'(4-pyridinyI)-2-furanyl]ethyl]-a-(phenylmethyl)-2-[[(2,2.2- 
trifluoroethvOaminolcarbonyll-l-piperazincpentanamide 




25 



Step A 
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0 




To a solution of commercially available methyl 3-methylfuroate (20,0 
g, 140 mmol) in 100 mL of MeOH, NaOH (1 1.43 g, 280 mmol) in 20 mL of water 
5 was added. The yellowish solution was stirred at room temperature for 3 hours. TLC 
(1:9 EtOAc/hexane) showed no starting material. MeOH was removed and the pH of 
the aqueous solution was adjusted to 4 with IN HCl. The slurry was extracted with 
ethyl acetate (5 x 100 mL). The combined ethyl acetate layers were washed brine, and 
dried over sodium sulfate. 3-methyI furoic acid was obtained as a white solid (13.2 g, 

10 73 %) after evaporation of the solvent. To a mixture of 3-methyl furoic acid (8.60 g, 
68 mmol), N,0-dimethyIhydroxylamine hydrochloride (8.0 g, 82 mmol), EDC (15.7 
g, 82 mmol). and HOBT (1 1 .07 g, 82 mmol) in dichloromethane (200 mL), 
triethylamine (14.4 mL, 100 nmiol) was added. The solution was stirred at room 
temperature for 4 hours, and washed with IN NaOH (50 mL), IN HCl (50 mL), brine, 

15 and dried over sodium sulfate. The title compound was obtained as a colorless liquid 
upon removal of the solvent. iH NMR (CDCI3, 400 MHz): 7.40 (s, IH), 6.38 (s, IH), 

3.81 (s, 3H), 3.36 (s, 3H), 2.38 (s, 3H). 
Step B 



20 




To a solution of the titled compound from Step A (6.0 g, 35.9 mmol) 
in dichloroethane (50 mL), a solution of bromine (2.22 mL, 43.1 mmol) in 
dichloroethane (5 mL) was added dropwise in about 30 min. The progress of the 
bromination was monitored by HPLC. The reaction was stirred at room temperature 
25 for 2 hours, until no starting material was seen by HPLC. The solution was diluted 
with dichloromethane (100 mL). The solution was then washed with saturated 
solution of sodium bicarbonate (50 mL), brine, and dried over sodium sulfate. The 5- 
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brominated furan was obtained as a yellow oil (5.17 g, 58%) after chromatography 
(2:8 EtOAc/hexane). A mixture of the 5-bromofuran above (5.17 g, 20.8 mmol), 
hexamethylditin (7.5 g, 22.9 mmol), tetrakis (triphenylphosphine)palladium (1.2 g, 1 
mmol), and triphenylphosphine (0.16 g, 0.62 mmol) in toluene (20 mL) was heated to 
5 reflux overnight. Water (100 mL) was added. The mixture was extracted with EtOAc 
(3 X 100 mL). The combined ethyl acetate layers were washed with brine, and dried 
over sodium sulfate. Flash chromatography using 1:9 EtOAc/hexane as the elute gave 
the titled compound as a colorless oil. iH NMR (CDCI3, 300 MHz): 6.50 (s, IH), 

3.80 (s. 3H), 3.50 (s, 3H), 2.34 (s. 3H). 0.38 (s, 9H). 

10 

StepC 



A mixture of the titled compound from Step B (1.40 g, 4.25 mmol), 4- 
15 bromopyridine hydrochloride (1.65 g, 8.5 mmol), diisopropylethylamine (DIEA) (1.63 
mL, 9.36 mmol), and tetrakis(triphenylphosphine)palladium (0.15 g, 0.13 nmiol) in 
DMF (10 mL) was heated to 100 overnight. Water (100 mL) was added and the 
mixture was extracted with ethyl acetate (3 x 100 mL). The combined ethyl acetate 
layers were washed with brine and dried over sodium sulfate. Flash chromatography 
20 using 1 : 1 EtOAc/hexane as the elute afforded the titled compound as a yellow solid. 



IH NMR (CDCI3, 400 MHz): 8.66(d, J = 6.4 Hz, 2H), 7.59 (d, J = 6 Hz, 2H), 6.89 (s, 
IH). 3.95 (s, 3H), 3.49 (s, 3H), 2.40 (s, 3H). 



N 




StepD 



25 
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To a solution of the titled compound from Step C (0.77 g, 3.13 mmol) 
in THF (10 mL) at 0 °C. 1.4 M solution of methyl magnesium bromide (1 1.2 mL, 
15.65 mmol) in a mixture of toluene and THF was added slowly. The reaction was 
5 stirred at 0 °C for 2 hours. TLC (3:7 EtOAc/hexane) showed no starting material. 
Water (5 mL) was added. The mixture was extracted with ethyl acetate (3x15 mL). 
The combined ethyl acetate layers were washed with brine and dried over sodium 
sulfate. Flash chromatography using 3:7 EtOAc/hexane as the elute gave the titled 
compound as a colorless oil. iH NMR (CDCI3, 400 MHz): 8.70 (d, J = 6.4 Hz, 2H), 

10 7.63 (d, J = 6 Hz. 2H), 6.89 (s, IH), 2.60 (s, 3H), 2.43 (s, 3H). 
StepE 




15 To a solution of Boc protected piperzine prepared as in Example 12 

Step A (0.98 g, 2.48 mmol) in dichloromethane (10 mL), trifluoroacetic acid (5 mL) 
was added. The solution was stirred at room temperature for 3 hours. TLC (1:1 
EtOAc/hexane) showed no starting material. The solvents were removed and dried 
under high vacuum for 2 hours. The residue vvas mixed with the titled compound from 

20 Step D (0.47 g, 2.34 mmol) and trimethylsilyl cyanide (3.1 1 mL, 23.4 mmol) and the 
mixture was heated at 60 C overnight. LC-MS indicated that there was no starting 
ketone left. The mixture was poured into an icy ammonium hydroxide solution (10 
mL). The aqueous solution was extracted with ethyl acetate (3 x 50 mL). The 
combined ethyl acetate layers were washed with brine and dried over sodium sulfate. 

25 Flash chromatography using 1:1 EtOAc/hexane as the elute gave the titled compound 
as a light yellow oil. iH NMR (CDCI3, 400 MHz): a 4:6 mixture of diastereomers 
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8.61 (d, J = 6.4 Hz, 2H), 7,62 (m, 0.8H), 7.60 (m, 1.2H), 6.89 (s, 0.4H), 6/82 (s, 
0.6H), 6.50 (br s, IH), 5.95 (m, IH), 5.32 (m, 2H), 4.95 (m, 0.6H), 4.80 (m, 0.4H). 
4.70 (m, 2H), 4.20 (m, 2H), 3.85 (m, 0.6H), 3.70 (m, IH), 3.40 (m, 0.4H), 3.10 (m, 
IH), 2.82 (m, IH), 2.40 (m. 2H), 2.22 (s, 1.2H), 2.17 (s, 1.8H), 1.96 (s, 3H). 

5 

StepF 




1,3-Dimethylbarbituric acid (1.45 g, 9.30 mmol) was added to a 
10 solution of the tilled compound from Step E (0.94 g, 1.86 mmol) in THF at room 
temperature. The brown solution was stirred at room temperature for 20 min. 
Tetrakis(triphenylphosphine)palladium (0.21 g, 0.186 mmol) was added and the 
solution was stirred at room temperature for another 20 min. The color of the solution 
turned to redish. TLC (EtOAc) showed no starting material. IN HCI (20 mL) was 
15 added. The mixture was extracted with ethyl acetate (2 x 30 mL). The aqueous was 
adjusted to pH = 10 and extracted with chloroform (3 x 50 mL). The combined 
chloroform layers were dried over sodium sulfate. Flash chromatography (5:95 
MeOH/ CH2CI2) afforded the titled compound as a yellow oil. iH NMR: (CDCI3, 

400MHz): a 4:6 mixture of diastereomers 8.70 (m, L2H), 8.61 (m, 0.8H), 7.64 (br s. 
20 IH), 7.60 (m, 1.2H), 7.48 (m, 0.8H), 6.88 (s, 0.6H), 6.77 (s, 0.4H), 3.96 (m, 2H), 3.58 
(m, IH), 3.20 (m, IH). 2.96 (m, 3H), 2.60 (s, 3H), 2.46 (s, 3H), 2.20 (m, 2H). 

StepG 
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To a solution of the titled compound from Step F (0.716 g, 1.7 mmol) 
in DME (10 mL) at 0 °C, methylmagnesium bromide (12 mL, 17 mmol, 1.4 M) was 
5 added. The mixture was stirred at 0 °C for 2 hours and room temperature for 30 rain. 
TLC showed no starting material (5:95 MeOH/ CH2CI2). Water (10 mL) was added 
and the aqueous was extracted with ethyl acetate (3 x 20 mL). The combined ethyl 
acetate layers were washed with brine and dried over sodium sulfate. Hash 
chromatography using 5:95 MeOH /CH2CI2 as the elute gave the tided compound as 
10 a gummy material. iH NMR (CDCI3, 400 MHz): 8.60 (d, J= 6 Hz, 2H), 7.45 (d, J= 6 
Hz, 2H), 6.70 (s, IH), 3.92 (m, 2H), 3.50 (m, IH), 2.83 (m, 4H), 2.48 (m, 2H). 2.18 
(s.3H),1.60 (s,6H). 



StepH 




To a solution of the dihydro-5(5)-(hydroxymethyl)-3(/?)- 
(phenylmethyl)-3(2^0-furanone (2.06 g, 10 mmol) in dichloromethane (50 mL) at 0 
°C, triflic anhydride and 2,6-lutidine were added. The solution was stirred at 0 "C for 
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10 



1 hour. Water (10 mL) was added. The mixture was extracted with dichloromethane 
(2 X 50 mL). The combined dichloromethane layers were washed with brine (20 mL), 
and dried over sodium sulfate. The triflate was obtained as a white waxy material after 
flash chromatography using 2:8 EtOAc/hexane as the elute, A mixture of the triflate 
(0.33 g, 1.02 mmol), the titled compound from Step G (0.421 g, 1.02 mmol), and 
N,N-diisopropylethyl amine (0.21 mL, 1.23 mmol) in 2-propanol (10 mL) was stirred 
at room temperature overnight. After 20 hours, the solvent was removed. The residue 
was dissolved in dichloromethane (20 mL). The solution was washed with water, 
brine, and dried over sodium sulfate. The titled compound was obtained as a gummy 
material after flash chromatography using 7:3 EtOAc/hexane as the elute. iH NMR 
(CDCI3, 400 MHz): 8.60 (d, J = 6Hz, 2H), 8.05 (br s, IH), 7.46 (d, J = 6 Hz, 2H), 

7.25 (m, 5H), 6.76 (s, IH), 4.41 (m, IH), 4.08 (m, IH), 3.78 (m, 2H), 2.56-3.35 (m, 
9H), 2.20 (s, 3H), 2.05 (m, IH), 1.97 (m, IH), 1.60 (s, 6H), 1.10 (m, 2H). 



15 Step I 




A mixture of the titled compound from Step H (0.452 g, 0.76 mmol) in 
dioxane (10 mL) and 1 mL of aqueous LiOH (38 mg, 0.90 mmol) was stirred at room 
20 temperature overnight. The solvent was removed azeotropically with toluene (3 x 10 
mL). The residue was dissolved in 3:1 mixture of EtOAc/ CH2CI2 (10 mL). TBSOTf 

(0.38 mL, 1.66 nmiol) and N,N-diisopropylethyl amine (0.31 mL, 1.81 mmol) were 
added. The mixture was stirred at room temperature and the reaction was monitored 
by LC/MS. More TBSOTf (up to 6 eq ) and N,N-diisopropylethyl amine (up to 8 eq) 
25 were added. After 20 hours, water (10 mL) was added and the mixture was extracted 
with EtOAc (3 x 60 mL). The combined ethyl acetate layers were washed with brine, 
and dried over sodium sulfate. Evaporation of the solvent gave a colorless oil that was 
then mixed with 1:1 mixture of water and THF (5 mL). The solution was stirred at 
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room temperature for 2 hours and LC/MS showed that there was no silyl ester left. 
The solvents were removed and dried under high vacuum. The residue was mixed 
with 0-benzotriazoI-l-yl-NJ>f,N'^'-tetramethyluronium hexanuorophosphate (0.80g, 
2.1 mmol), N,N-diisopropyIethyl amine (0.66 mL, 3.78 mmol), aminochromanol 
5 (0. 1 5 g, 0.90 mmol), and catalytic amount of 1 -hydroxy-7-azabenzo-trazole in DMF 
(5 mL) at room temperature overnight. After 22 hours, water (10 mL) was added. The 
mixture was extracted with ethyl acetate (3 x 50 mL). The combined ethyl acetate 
layers were washed with brine, and dried over sodium sulfate. The titled compound 
was obtained as a white solid after flash chromatography using 1:1 EtOAc/hexane as 
10 the elute. iH NMR (CDCI3, 400 MHz): 8.58 (d, J= 6 Hz, 2H), 8.18 (br s. IH). 7.40 
(d. J = 6 Hz, 2H), 6.79-7.36 (m, 9H), 6.65 (s. IH), 5.72 (br s, IH), 5.17 (m, IH), 4.00 
(m, 4H), 3.82 (m, IH), 3.70 (m, 2H), 3.18 (m, IH). 2.81 (ra, 7H), 2.30-3.10 (m, 6H), 
2.08 (s, 3H), 1.50 (s. 6H), 0.82 (s, 9H), 0.02 (s. 3H), 0.01 (s, 3H). 

15 Step J (0C^.Y5,25)-iV-((35,4S)-3,4-dihydro-3-hydroxy-2/f-l-benzopyran-4-yl)- 
Y-hydroxy-4-[l-methy]-l-[3-methyl-5-(4-pyridinyl)-2-furanyl]ethyl]-a- 
(phenylmethyI)-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l- 
pjperazinepentanamide 

20 To a solution of the titled compound from Step I (34 mg, 0.039 mmol) 

in THF (1 mL). 1 M solution of tetrabutylammonium fluoride (0.046 mL, 0.046 
mmol) was added. The solution was stirred at room temperature for 1 hour. TLC 
(EtOAc/hexane =1:1) showed no reaction. Another 5 equivalents of 
tetrabutylammonium fluoride were added. The solution was stirred at 60°C for Ih and 

25 room temperature overnight. No starting material was seen by TLC. The solvent was 
removed. The titled compound was obtained as a white solid after preparative TLC 
using ethyl acetate as the elute. iH NMR (CDCI3, 400 MHz): 9.10 (br s, IH), 8.60 (d, 
J = 6Hz, 2H). 7.43 (d. J = 6H2, 2H), 7.28 (m, 5H), 7.10 (m, 2H), 6.80 (m, 2H), 6.71 
(s, IH), 5.99 (d. J = 8Hz. IH). 5.18 (m. IH). 4.00 (m, 3H), 3.80 (m, 2H), 3.60 (m, 

30 IH), 3.38 (m, IH), 2.40-3.10 (m, IIH), 2.20 (s, 3H), 1.90 (m, IH), 1.60 (s, 3H), 1.58 
(s, 3H). 1.40 (m, IH). LC-MS (M+ +1)(EI) 764. 

EXAMPLE 58 



-249 - 



wo 01/38332 



PCT/USOO/32089 



((X/?,Y5,25)-N-((3S,4S)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4.yl)-Y-hydrox 
(pheTiylmethylH-[[5-(2-pyra2inyl)-2-furanyl]methyl]-2-[[(2,2,24rifluoro^^ 
aininolcarbonvn-l-piperazinepentanaTnide 




Step A 




10 To a solution of the stannane from Example 46 Step B (2 g, 6.6 mmol) 

and chloropyrazine (756 mg, 6.6 mmol) in DMF (20 mL) was added 
dichlorobis(tripheny1phosphine)palIadium(II) (140 mg, 0.2 mmol). The reaction 
mixture was stirred at 100 oc for 20 hours to see the stannane was consumed (by 
TLC). It was cooled to room temperature and diluted with ethyl acetate (200 mL). The 

15 diluted solution was then washed with water (2 X 100 mL) and brine (100 mL). The 
organic layer was dried over anhydrous sodium sulfate and concentrated in vacuum to 
get a brown oil. The crude product was purified by flash column chromatography on 
silica gel with ethyl acetate as eluant to give the titled compound as a slightly yellow 
oil which solidified after standing. iH NMR (CDCI3, 300 MHz): 5 8.99 (s,lH), 8.53 

20 (d, J=2.4 Hz, IH), 8.43 (d, J=2.4 Hz, IH), 7.26 (s, 1 H), 6.04 (s, IH), 4.04-4.21 (m, 4 
H). 
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The intermediate from the previous step (1.1 g, 5.04 mmol) was 
dissolved in THF (25 mL). The solution was cooled to 0 oc and HCI (1 M. 25 mL) 
was added. The reaction solution was stirred at 0 oc for 10 minutes and slowly 
wanned to room temperature at which it was stirred for 10 houi^. (The reaction was 
5 monitored by TLC). It was concentrated to about 30 mL. To the remaining mixture 
was added ethyl acetate (100 mL). Then I N NaOH was used to basicify the solution 
to pH=12. The organic layer was collected , dried over anhydrous sodium sulfate and 
concentrated m vacuum to give the titled compound as a pale solid. iH NMR 
(CDC13. 300 MHz): 5 9.77 (s, IH), 9. 18 (s. 1 H), 8.62 (d. J= 2.4 Hz. 1 H). 8.59 ( d 
10 J=2.4.iH).7.38(d.J=3.9Hz.lH),7.33(d,J=3.9Hz.lH). 



15 



Step C (<^.Y5.25)-A^-((3S,45)-3,4-dihydro-3-hydroxy-2^-l-benzopyr^^ 

Y-hydroxy-a-(phenylmethyl)-4-[[5K2-pyrazinyl)-2-furanyl]methyl]-2- 
fr(2,2,2-trifluomfirhyl)amino1carbonvlVl-pipp ra2ineDentanamHp 

To a solution of the aldehyde from the previous step (21 mg 0 11 
mmol) and the penultimate (50 mg, 0.09 mmol) in DCE (5 mL) was added sodium 
tnacetoxyborohydride (28 mg. 0.13 mmol). The reaction mixture was stirred at room 

20 temperature for 12 hours and purified on preparative TLC (2000microns. CH2CI2 / 
acetone / 2N NH3 in methanol = 47.5 / 47.5 / 5 as eluant) to give the titled compound 
as a white solid. iH NMR (CD3OD, 400 MHz): 6 8.96 (s. 1 H). 8.55 (d. J = 2.1 Hz 
lb H), 8.43 ( d, J = 2.1 Hz, 1 H), 7.81 (d. J = 6.6 Hz. 1 H), 7.07-7.27 (m. 7 H) 6 82 
(dt. J = 7.6. 1.2 Hz. 1 H), 6.72 (dd, J = 1.2. 8.0 Hz. 1 H). 6.53 ( d. J = 2.1 Hz i H) 

25 5.16 (m. 1 H), 4.08- 4.11 (m, 2 H), 3.94-4.00(m 1 H), 3.73-3.81 (m. 4 H). 3.13 (broad 
s. 1 H), 3.01-3.05 ( m. 2 H), 2.92-2.97 (m. 2 H). 2.81 ( broad d, J = 1 1 2 1 H) 2 73- 
2.77 (m. 2 H). 2.65 (t. J = 1 1.2 Hz, 1 H), 2.52 (t. J = 10 Hz. 1 H), 2.36-2.36 (m 4 H) 
2.02-2.14 (m. 1 H), 1.37-1.44 (m. 1 H). LC-MS (M++1) (EI) 723.4. 

EXAMPLE 59 

(a«.Y5.25)-Ar-((35,45)-3.4.dihydro-3.hydn,xy-2/^-l-be„2opyran-4-yl)-Y-hydroxy-4- 

I[5-(l-methyl-l//-pyrazol-4-yl)-3-pyridinyl]methyl]-a-(phenylmethyl)-2-[[(2.2.2- 
trifluoroethvl)amino1carhonYl1- l-DiDera7.inpp pnt.na,v.;^^ 
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Step A 



li 

N 



10 



15 



To a solution of 1 -methyl pyrazole ( 10 g, 122 mmol) in chloroform 
(100 mL) was added a solution of bromine (78 g, 160 mmol in 50 mL chloroform) 
dropwise at room temperature. The reaction solution was refluxed for 8 hours. Then it 
was diluted with chloroform (200 mL) and 1 N NaOH was added until a clear solution 
was obtained. The organic layer was dried over anhydrous sodium sulfate and 
concentrated to give a slightly yellow oil. The crude product was purified by flash 
column chromatography on silica gel with hexanes / ethyl acetate = 100 / 1.5 as eluant 
to get 4-bromo-l-methylpyrazole as a colorless oil. 1h NMR (CDCI3, 300 MHz): 5 

7.44 (s, IH), 7.38 (s, IH), 3.89 (s, 3 H). 



Steps 



Bu Bu 
sV--Bu 



N 
I 



To a solution of 4-bromo-l-methylpyrazole (15 g, 38.5mmol) in ether 
20 (150 mL ) n-Butyllithium (2.5M in hexanes, 17 mL, 42.4 mmol) was added at -78 oc. 
After the reaction solution was stirred at -78 oC for 30 minutes, tributyltin chloride 
(1 1.5 mL, 42.4 mmol) was added. It was stirred at -6OOC for 1 hour and warmed to 
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room temperature, at which it was stiired for 1 more hour. Then, it was diluted with 
ethyl acetate (300 mL) and washed with water (200 mL ) and brine. The organic layer 
was dried over anhydrous sodium sulfate and concentrated. The crude product was 
purified by flash column chromatography on silica gel with hexanes / ethyl acetate = 
5 10 / 1 as eluant to get l-methyl-4-tributyIstannylpyrazoie as a white wax. iH NMR 
(CDCI3, 300 MHz): 8 7.42 (s. IH), 7.23 (s. IH). 3.93 (s, 3 H). 1.28-1.55 ( m. 18 H) 
0.91 (t. J = 15 Hz. 9 H). 

StepC 

10 

To a solution of borane-tetrahydrofuran complex (1 M in THF. 800 
mL) in THF (250 mL) was added 5-bromonicotinic acid (40 g, 198 mmoi) at small 
portions to keep the temperature of the reaction solution below 40 oc. After the 

15 addition, the reaction solution was stirred at room temperature for 24 hours. It was 
quenched with sodium hydroxide solution (1 N. 1 L). The quenched mixture was 
heated to reflux for 12 houns. It was separated. The aqueous layer was extracted with 
ethyl acetate for 4 times (500 mL each time). The combined organic layer was dried 
over anhydrous sodium sulfate and concentrated to get the titled compound as a 

20 coloriess oil. It was used in the next step without further purification iH NMR 

(CDCI3. 300 MHz): 5 8.59 (d. J=2.2 Hz. 1 H). 8.49 (d. J=1.4 Hz. 1 H). 7.90 (s. 1 H) 
4.74 (s. 2 H). 

StepD 



25 



30 




To a solution of the alcohol from the previous step (22.5 g, 120 mmol) 
in THF (1000 mL) was added manganese (IV) oxide (210 g. 2.4 mol). The reaction 
mixture was stirred at room temperature for 2 days. It was filtered and the solid was 
washed with ethyl acetate 3 times (200 mL each time). The combined filtr^e and 
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washes were concentrated and purified by flash column chromatography on silica gel 
with 1/1 ethyl acetate/hexanes as eluant to give the title compound as a white solid. 
iH NMR (CDCI3, 300 MHz): 5 10.08 (s, 1 H), 8.99 (s, 1 H), 8.95 (d, J=0.6 Hz, 1 H), 

8.30(d,J=0.6Hz, IH). 
StepE 




To a solution of l-methyl-4-tributylstannylpyra2ole from Step B (519 
10 mg, 1.4 mmol) and 3-bromo-5-pyridinecarboxaldehyde (200 mg, 1.08 nimol) in 

xylene (10 mL) was added tetrakis(triphenylphosphine)palladium(0) (37.5 mg, 0.03 
mmol). After refluxing for 4 hours, the reaction mixture was cooled to room 
temperature. It was diluted with toluene (100 mL). Then, potassium fluoride (5 g) in 
water (10 mL) was added. The mixture was stirred at room temperature for 2 hours. It 
15 was filtered. The filtrate was washed with water (20 mL) and brine. The organic layer 
was dried over anhydrous sodium sulfate and concentrated. The crude product was 
purified on preparative TLC (2000 microns, CH2CI2 / acetone / 2 N ammonia in 
methanol = 10 / 10 / 1) to give the titled compound as a pale solid. iH NMR (CDCI3, 
300 MHz): 6 10.15 (s, 1 H), 8.97 (s, 1 H), 8.90 (s, 1 H), 8.20 (s, 1 H), 7.96 (s, 1 H), 
20 7.76(s,lH).3.99(s,3H). 



StepF (ccR,Y5,25)-/V-((35,45)-3.4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)- 
Y-hydroxy-4-[[5-(l-methyl-l//>pyrazol-4-yl)-3-pyridinyl]methyll-a- 
(phenylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l- 
25 piperazinepentanamide 



To a solution of the aldehyde from the previous step (21 mg, 0,1 1 
nmiol) and the penultimate from Example 12 Step D (50 mg, 0.09 nmiol) in DCE (5 
mL) was added sodium triacetoxyborohydride (28 mg, 0.13 mmol). The reaction 
30 mixture was stirred at room temperature for 12 hours and purified on preparative TLC 
(2000 microns, CH2CI2 / acetone / 2N NH3 in methanol = 47.5 / 47.5 / 5 as eluant) to 
give the titled compound as a white solid. iH NMR (CD3OD, 400 MHz): 6 8.65 (d, J 
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= 2 Hz. 1 H), 8.30 (s. 1 H). 8.10 ( s, 1 H). 7.98 (d. J = 2 Hz, 1 H), 7.92 (d. J = 0.4 Hz. 
1 H), 7.18-7.28 (m, 5 H). 7.07-7.11 (m, 2 H). 6.80 (dt, J = 7.6. 1.2 Hz. 1 H). 6.73 (d. 'j 
= 8.0 Hz. 1 H), 5.16 (d, J = 4 Hz. 1 H), 4.07-4.10 (m. 2 H), 3.94 (s. 3 H). 3.85-3.91(m 
1 H). 3.74-3.76 (m, 2 H). 3.60 (s. 2 H). 2.93-3.15 ( m. 5 H). 2.74-2.79 (m. 2 H). 2.60- 
5 2.67 (m. 3 H), 2.40-2.55 (m. 4 H). 2.02-2.14 (m. 1 H). 1.37-1.44 (m. 1 H). LC-MS 
(M++1) (EI) 736.5. 



EXAMPLE 60 

(a/?.Y5.25)-A^-((35,45)-3.4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-a- 

(phenyImethylH-[[5-(2-thlenyl)-3-pyridinyl]methyl]-2-[((2,2,2-trifluoroethyl)- 
aminokarb onvn- 1 -piperazinepentanamirip 



15 Step A 




To a solution of 2-tributylstannylfurane (241 mg, 0.65 mmol) and 3- 
bromo-5-pyridinecarboxaldehyde from Example 59 Step D (100 mL, 0.54 mmol) in 

20 xylene (5 mL) was added tetrakis(triphenylphosphine)palIadium(0) (19 mg. 0.02 
mmol). After refluxing for 4 hours, the reaction mixture was cooled to room 
temperature. It was diluted with toluene (50 mL) and then potassium fluoride (2 g) in 
water (10 mL) was added. The mixture was stirred at room temperature for 2 hours. It 
was filtered. The filtrate was washed with water (20 mL) and brine. The organic layer 

25 was dried over anhydrous sodium sulfate and concentrated. The crude product was 
purified on preparative TLC (2000 microns, hexanes / ether = 1 / 1) to give the titled 
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compound as a pale solid. iR NMR (CDCI3, 300 MHz): 6 10.17 (s. 1 H), 9.10 (d, J = 
2.1 Hz, 1 H), 8.96 (d, J = 1.5 Hz, 1 H), 8.32 (t, J = 2.1 Hz, 1 H), 7.43-7,48 (m, 1 H). 
7.16-7.19 (m,lH). 

5 Step B (aR,yS,2Sy A^-((35,45)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yI)- 

Y-hydroxy-a-(phenylmethyl)-4-[[5-(2-thienyl)-3-pyridinyl]methyl]-2- 
rf(2,2,2-trifluoroethvn-amino1carbonviVl-piperazinepentanamide 

To a solution of the aldehyde from the previous step (21 mg, 0.1 1 
10 mmol) and the penultimate prepared as in Example 12 Step D ( 50 mg, 0.09 mmol) in 
DCE (5 mL) was added sodium triacetoxyborohydride (28 mg, 0.13 mmol). The 
reaction mixture was stirred at room temperature for 12 hours and purified on 
preparative TLC (2000microns, CH2CI2 / acetone / 2N NH3 in methanol = 47.5 / 
47.5 / 5 as eluant) to give the titled compound as a white solid. iH NMR (CD^OD^ 
15 400 MHz): 5 8.72 (d, J = 2 Hz, 1 H), 8.38 (s, 1 H), 8.05 (s, 1 H), 7.50-7.55 (m, 2 H), 
7.06-7.27 (m, 8 H), 6.8 (t, J = 7.2, 1 H), 6.72 (d, J = 8.0 Hz, 1 H), 5,16 (d, J = 4 Hz, 1 
H), 4.07-4.10 (m, 2 H), 3.74-3.91(m 3 H), 3.62 (s, 2 H), 2.93-3.15 ( m, 5 H), 2.61- 
2.79 (m, 5 H), 2.38-2.54 (m, 5 H), 2.02-2.14 (m, 1 H). h37-1.44 (m, 1 H). LC-MS 
(M+-fl) (EI) 738.5. 

20 

EXAMPLE 61 

(otR,YS,25)-A^-((35,45)-3,4-dihydro-3-hydroxy-2«-l-benzopyran-4-yl)-Y-hydroxy-a- 
(phenylmethyl)-4-[[5-(3-thienyl>3-pyridinyllmethyl]-2-[[(2,2,2-trifluoroethyl)- 
aminolcarbon vll- 1 -piperazinepentanamide 




Step A 
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A solution of 3-Bromo-5-pyridinecarboxaldehyde from Example 59 
Step D (200 mg, 1.08 mmol) and tetrakis(triphenyIphosphine)palladium(0) (70 mg, 
5 0.06 mmol) in DME (5 mL) was stirred at room temperature for 5 minutes. 
Thiophene-3-boronic acid (141 mg, 1.08 mmoJ) was added and the stirring was 
continued for 10 more minutes. Then, sodium carbonate solution (2 M, 5 mL) was 
added and the reaction mixture was heated to refluxed for 12 hours. After it was 
cooled to room teniperature. the reaction mixture was distributed between ethyl 

10 acetate ( 50 mL) and water (50 mL). The organic layer was dried over anhydrous 
sodium sulfate, concentrated, and purified on preparative TLC (2000 microns, 
hexanes / ethyl acetate = 1/1) to get 5-(3-furanyl).3-pyridinecarboxaldehyde as a pale 
solid. IH NMR (CDCI3, 300 MHz): 5 10.18 (s, 1 H), 9.11 (d, J = 2.1Hz, 1 H), 8.98 
(d, J = 1.8 Hz, 1 H), 8.33 (t, J = 2.1 Hz, 1 H), 7.44 (dd, J = L2, 1.5 Hz, 1 H), 7.44- 

15 7.52 (m, 2 H). 

StepB (aR,YW5)-NK(3S.4S)-3,4-dihydro-3-hydroxy-2/^-^benz^^ 

Y-hydroxy-a-(phenylmethyl)-4>[[5-(3-thienyl).3-pyridinyl]methyl].2- 
fr(2,2,2-trifluoroethvnamin olcarbonvn-l-piperazinepentanamide 

20 To a solution of the aldehyde from the previous step (21 mg, 0, 1 1 

mmol) and the penultimate prepared as in Example 12 Step D ( 50 mg, 0.09 mmol) in 
DCE (5 mL) was added sodium triacetoxyborohydride (28 mg, 0.13 mmol). The 
reaction mixture was stirred at room temperature for 12 hours and purified on 
preparative TLC (2000microns, CH2CI2 / acetone / 2N NH3 in methanol = 47.5 / 

25 47.5 / 5 as eluant) to give the titled compound as a white solid. iH NMR (CD3OD 
400 MHz): 5 8.76 (s, 1 H). 8.38 (s, 1 H), 8.09 (s. 1 H), 7,82 (dd, J = L2, 1.6 Hz, 1 H), 
7.52-7.57 (m, 2 H), 7.18-7.28 (m, 5 H), 7.06-7.13 (m, 2 H), 6.81 (t, J=7.2, 1 H), 6.73 
(d, J=8.0 Hz, 1 H). 5.16 (d, J=4 Hz, 1 H), 4.07-4.08 (m, 2 H), 3.74-3.91(m 3 H), 3.63 
(s, 2 H), 2.93-3.15 ( m, 5 H), 2.62-2.78 (m, 5 H), 2.38-2.54 (m, 5 H), 2.02-2.14-(m, I 

30 H), 1 .37-1 .44 (m, 1 H). LC-MS (M+-I-1) (EI) 738.5. 

EXAMPLE 62 
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(a/?,YS,2S)-iV-((35.4S)-3,4-dihydro-3-hydroxy-2f^-l-benzopyran-4-yl)-^^ 
(phenylmethyl)-4-[[5-(4-pyrimidinyI)-2-furanyl]methyl]-2-[[(2,2,2- 
trifluoroethvnamino1carboTivn-l-piperazinepeTitanamide 



Step A 




To a solution of the chloropyridyl intermediate (100 nng, 0.4 mmol ) in 
methanol (5 mL) was added triethylamine (70 jil, 0.5 nmiol) and palladium on carbon 
(10 mg). Hydrogen in balloon was applied and the reaction was monitored by HPLC. 
After stirring under the hydrogen atmosphere for 12 hours the reaction mixture was 
filtered. The filtrate was concentrated to get a pale solid. The solid obtained was 
stirred in a mixture of THF (10 mL) and HCl (1 N, 10 mL) for 10 hours. Ethyl acetate 
(100 mL) was added and it was washed with NaOH solution (1 N, 15 mL) and brine. 
The organic layer was concentrated and purified on preparative TLC (2000 microns, 
hexanes / ethyl acetate = 1 / 1) to get the title compound as a pale solid. iH NMR 
(CDCI3, 300 MHz): 5 9.77 (s, 1 H), 9.29 (d, 1=1,2 Hz, 1 H), 8.85 (d, J=5.1 Hz. 1 H), 

7.84 (dd, J=3.9, 1.2 Hz, 1 H). 7.46 ( d, J=3.6 Hz, 1 H), 7.38 (d, J=3.9 Hz, 1 H). 

StepB (a^,Y5,25)-N-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)- 
Y-hydroxy-a-(phenylmethyl)-4-[[5-(4-pyrimidinyl)-2-furanyl]methyl]- 
2-rrf2.2.2-trifIuoroethyl)aminolcarbQnvn-l-piperazinepentanamide 
To a solution of the aldehyde from the previous step (21 mg, 0,1 1 
mmol) and the penultimate prepared as in Example 12 Step D (50 mg, 0.09 nrniol) in 
DCE (5 mL) was added sodium triacetoxyborohydride (28 mg, 0.13 mmol). The 
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reaction mixture was stirred at room temperature for 10 hours and purified on 
preparative TLC (2000 microns, CH2CI2 / acetone / 2N NH3 in methanol = 47.5 / 
47.5 / 5 as eluant) to get the titled compound as a white solid. iH NMR (CD3OD 400 
MHz): 5 9.04 (s, 1 H), 8.72 (d. J=5.2 Hz. 1 H), 7.75 (dd, J=1.2. 4.0 Hz, 1 H), 7.36 (d, 
5 J=3.6 Hz, 1 H), 7.20-7.27 (m, 4 H), 7.07-7. 19 (m, 3 H), 6.82 (t, J = 7.2. 1 H), 6.73 (d, 
J = 8.0 Hz, 1 H). 6.57 (d, J=3.6 Hz, 1 H), 5.15 (d, J = 4 Hz, 1 H). 4.07-4.08 (m. 2 H), 
3.74-3.91(m 3 H), 3.63 (s, 2 H). 2.93-3.15 ( m, 5 H), 2.62-2.78 (m. 5 H), 2.38-2.54 
(m, 5 H), 2.02-2.14 (m. 1 H), 1.37-1.44 (m, 1 H). LC-MS (M++1) (EI) 723.5. 

10 EXAMPLE 63 

((x/?,Y5.25)-4-[(7-chIoiofuro[3,2-c]pyridin-2-yl)methyl]-iV-((3S,45)-3,4-dihydro-3- 
hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-a-(phenyImethyI)-2-[[(2,2,2 
trifluoroeth vl)amino1carbonvl1-I-piperazinepentanamide 




To a suspension of 4-hydroxypyridine (40 g, 421 mmol) in methanol (1 
1) was added //-iodosuccinimide (189 g, 841 mmol). The reaction mixture was heated 
to reflux for 10 hours. After it was cooled to room temperature, it was filtered. The 
solid was washed with methanol (2 X 500 mL) and dried under high vacuum 
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overnight to give the title compound as a pale powder. iH NMR (DMSO, 300 MHz): 
5 8.25 (s). 

StepB 




To a solution of 4-hydroxy-3,5-diiodopyridine (40 g, 115 mmol) in 
pyrrolidine (200 mL) was added tetrakis(triphenylphosphine)palladium(0) (3.4 g, 2.8 
mmol) and copper(I) iodide (2.2 g, 1 1 .5 mmol). It was stirred at room temperature for 

10 20 minutes. Propargyl alcohol (3.3 g, 58 mmol) was introduced very slowly. After he 
reaction mixture was stirred at room temperature for 10 hours, the solvent was 
removed. The residue was dissolved in THF (200 mL) and the solution obtained was 
refluxed for 2 hours. The solvent was evaporated and the residue was distributed 
between ethyl acetate (500 mL) and saturated sodium bicarbonate (200 mL). The 

15 organic layer was dried over anhydrous sodium sulfate, concentrated and purified by 
flash column chromatography on silica gel with ethyl acetate as eluant to give the title 
compound as a white solid. iH NMR (CD3OD, 300 MHz): 8 8.75 (s, 1 H), 8.63 (s, 1 

H),6.99(s,lH).4.74(s,2H). 
20 Step C 




To a solution of the alcohol from the previous step (5.62 g, 20.4 mmol) 
in DMF (100 mL) was added manganese(IV) oxide (40 g, 409 mmol). The reaction 
25 mixture was stirred at room temperature for 2 days. Then, it was filtered. The solid 
was washed with boiling methanol for six times (1(X) mL each time). The combined 
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filtrate and washes was concentrated to get the title compound as a white solid. iH 
NMR (DMSO, 400 MHz): 5 9.91 (s, 1 H). 9.11 (s, 1 H). 8.90 (s, 1 H), 8.18 (s, 1 H). 

StepD 



5 




To a solution of the aldehyde from the previous step (3. 14 g, 1 1.5 
mmol) and the piperazine intermediate from Example 12 Step A ( 3.4 g following 
removal of the BOC with trifluroacetic acid, 1 1.5 mmoi) in DCE (20 mL) was added 

10 sodium triacetoxyborohydride (3.66 g, 17.3 mmol). The reaction mixture was stirred 
at room temperature for 12 hours. After most of the solvent was evaporated, the 
residue was distributed between ethy] acetate (200 mL) and saturated sodium 
bicarbonate (100 mL). The organic layer was dried over anhydrous sodium sulfate, 
concentrated and purified by flash column chromatography on silica gel with hexanes 

15 / ethyl acetate = 1 / 1 as eluant to give the title compound as a white solid. iH NMR 
(CDCI3, 400 MHz): 5 8.77 (s, 1 H), 8.76 (s, 1 H), 6.88 (s, 1 H), 5.91-5.98 (m, 1 H), 
5.25-5.36 ( m, 2 H), 4.83-4.87 (m, 1 H). 4.66 (s, 1 H). 4.00 ( broad s, 1 H), 3.84 (dd, 
J=15.2, 37.6 Hz, 2 H), 3.55 (d. J=10,8 Hz, 1 H), 3.20 (broad s, 1 H), 2.93 (d, J=10.8 
Hz. 1 H), 2.32-2.41 (m, 2 H), 1.66 (broad s, 2 H). 

20 

StepE 
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A solution of the intermediate from the previous step (2 g, 3.62 mmol) 
and copper(I) chloride (L8 g, 18.1 mmol) in DMF (15 mL) was stirred at 1 10 oc for 6 
hours. HPLC showed that the starting material was gone. It was distributed between 
ethyl acetate (500 mL) and concentrated ammonium hydroxide (300 mL). The organic 
5 layer was dried over anhydrous sodium sulfate, concentrated and purified by flash 
column chromatography on silica gel with hexanes / ethyl acetate = 1 / 2 as eluant to 
get the tide compound as a white solid. iH NMR (CDCI3, 400 MHz): 5 8.76 (s, IH), 

8.39 (s, 1 H), 6.94 (s, 1 H), 5.90-5.97 (m, 1 H). 5.24-5.35 ( m,2 H), 4.83-4.87 (m, 1 
H), 4.66 (s, 1 H). 3.84 (dd, J=15.2, 37.6 Hz, 2 H), 3.60 ( broad s, 1 H), 3.55 (d. J=10,8 
10 Hz, 1 H), 2.99 (broad s, 1 H), 2.93 (d, J=10.8 Hz. 1 H), 2.32-2.41 (m, 2 H), 1.66 
(broad s, 2 H). 

Step F 

CI HN-^o 
CF3 

15 

A suspension of tris(dibenzylideneacetone)dipalladium(0) (183 mg, 0.2 
nmiol) and l,4-bis(diphenylphosphino)butane (85.3 mg, 0,2 nrniol) in THF (20 mL) 
was stirred at room temperature for 20 minutes. Then, it was transferred to a solution 
of the intermediate from the previous step (910 mg, 1.97 mmol) and thiosalicylic acid 

20 (380 mg, 2.46 mmol) in THF (5 mL). After stirring at room temperature for 10 hours 
the reaction mixture was distributed between ethyl acetate (200 mL) and sodium 
hydroxide solution (1 N, 100 mL). The organic layer was dried over anhydrous 
sodium sulfate, concentrated and purified by flash col umn^ chromatography on silica 
gel with ethyl acetate / 2 N anunonia in methanol = 95/ 5 as eluant to give the tide 

25 compound as a slightly yellow gum. iH NMR (CDCI3, 400 MHz): 5 8.76 (s, 1 H), 

8.46 (s, 1 H), 7.76 ( broad s, 1 H), 6.79 (s, 1 H), 3.84-4.02 (m, 2 H), 3.80 (d, 1=3.2 Hz. 
2 H). 3.56 (dd, J= 3.6, 6.8 Hz, 1 H), 2.86-3.06(m. 3 H), 2.49-2.73 (m, 3 H), 
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StepG (a/?,Y5,25}-4-[(7-chlorofuro[3,2-c]pyridin-2-yl)methyl]-A^-((35^^^ 
dihydro-3-hydroxy-2ff-l-benzopyran-4-yl)-Y-hydroxy-a- 
(phenvlmethvl) -2-rff2,Z2-trinuoroethvl)amino1carbonvl1-l- 
piperazinepentanamide 

5 

A solution of the piperazine intermediate from the previous step (378 
mg, 1 mmol) and the epoxide from Example 1, Step P ( 394 mg, 1 nmiol) in methanol 
(10 mL) was heated to reflux for 24 hours. After the solvent was evaporated, the 
residue was purified by flash column chromatography on silica gel with ethyl acetate / 

10 2 N ammonia in methanol = 98/ 2 as eluant to get a white solid (485 mg). The solid 
obtained was dissolved in methanol (10 mL) and HCl (1 N in ether, 3 mL) was added. 
The solution obtained was stirred at room temperature for 8 hours. After the solvent 
was removed the residue was purified by flash colunm chromatography on silica gel 
with ethyl acetate / 2 N ammonia in methanol = 98/ 2 as eluant to give the title 

15 compound as a white solid. iH NMR (CDCI3, 300 MHz): 5 8.92-8.97 (m, 1 H), 8.77 
(s, 1 H), 8.48 (s, 1 H), 7.20-7.32 (m, 5 H), 7.05-7.15 (m, 2 H), 6.77-6.82 (m, 2 H), 
5.93 (d, J=8.4 Hz, 1 H), 5.14-5.18 (m, 1 H), 4.07-4.24 (m, 1 H), 3.96-4.04 (m, 2 H), 
3.67-3.87 (m, 5 H), 3.45-3.46 (m, 1 H), 3.37 ( broad s, 1 H), 2.62-3.04 (m, 8 H), 2.44- 
2.53 (m, 2 H), ), 2.02-2.14 (m, 1 H), 1.37-1.44 (m, 1 H). LC-MS (M++1) (EI) 730.5. 

20 

EXAMPLE 64 

(oc^?,Y5,25)-iV-((35,4S)-3,4.dihydro-3-hydn>xy-2//-l-benzopyran-4-yl)-Y-hydroxy-a- 
(phenylmethyl)-4-[[5-(3-pyridinyl)-2-oxa2olyI]methyl]-2-[[(2,2,2- 
trifluoroethvnaminolcarbonvll-l-piperazinepentanamide 

25 
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Step A 




A solution of 5-(pyrid-3-yl)oxazole (4.0 g. 27.4 mmol) in THF (100 
mL) was cooled to -78 OC and butyllithium (2.5 M in hexanes, 13,1 mL, 32.8 mmol) 
5 was added. After it was stirred at -78 OC for 30 minutes, N-formylmorpholine (0.63 
mL, 82.1 mmol) was added. The reaction solution was slowly warmed to room 
temperature at which it was stirred for 10 hours. Then, ethyl acetate (200 mL) was 
added and the diluted solution was washed with saturated sodium bicarbonate solution 
(200 mL). The organic layer was dried over anhydrous sodium sulfate, concentrated 
10 and purified by flash column chromatography on silica gel with 1/1 hexanes / ethyl 
acetate as eluant to give the title compound as a slightly yellow solid. NMR 
(CDCI3, 300 MHz): 5 9.80 (s, 1 H), 9.04 (s. 1 H). 8.68 (d, J=1.5 Hz. 1 H), 8.07-8.10 

(m, 1 H), 7.20 (d, J=1.5 Hz. 1 H), 7.41-7.45 (m. 1 H). 



15 Step B (a/?,YS,25)-W-((3S,45)-3,4-dihydro-3-hydroxy-2f/-l -benzopyran-4-yl)- 

Y-hydroxy-a-(phenylmethyl)-4-[[5-(3-pyridinyl)-2-oxazolyl]methyl]-2- 
[ [(2,2,2-trifluoroeth vDaminolcarbon vll- 1 -piperazinepentanamide 



To a solution of the aldehyde from the previous step (16 mg, 0.09 
20 mmol) and the penultimate from Example 12 Step D (50 mg, 0.09 mmol) in DCE (3 
mL) was added sodium triacetoxyborohydride (28 mg, 0.13 mmol). The reaction 
mixture was stirred at room temperature for 24 hours and purified on preparative TLC 
(2000 microns, CH2CI2 / acetone / 2N NH3 in methanol = 47.5 / 47.5 / 5 as eluant) to 
give the titled compound as a white solid. iH NMR (CD3OD, 400 MHz): 5 8.91 (d, 
25 J=1.6 Hz, 1 H), 8,52 ( d, J=4.8 Hz. 1 H), 8.14 (d, J=8.0 Hz, 1 H). 7.64 (s, 1 H), 7.51- 
7.54 ( m, I H), 7.07-7.26 (m, 7 H), 6.82 (t, J=7.2, 1 H), 6,73 (d, J=8.0Hz, 1 H), 5.16 
(d, J=4 Hz, 1 H), 4.07-4.08 (m, 2 H), 3.80-3.96 (m, 1 H), 3.73-3.78 (m, 5 H), 3.13- 
3.16 (m, 1 H), 2.83-3.06 (m, 3 H), 2.57-2.78 (m, 4 H). 2.40-2.49 (m, 4 H), 2.02-2.14 
(m, 1 H), 1.37-1.44 (m, 1 H). LC-MS (M++1) (EI) 723.7. 

30 
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(a/f,Y5.2S)«A^-((35,45)-3.4-dihydro-3-hydroxy-2//-l-benzopyran-4-^ 
(phenylmethyl)-4-[[5-(2-pyridinyl)-2-oxazolyl]methyl]-2-[[(2,2,2- 
trifluoroethv])amino1carbonvlVl-piperazinepentanamide 





10 A solution of 5-(pyrid-2-yl)oxa2ole (4.0 g, 27.4 mmol) in THF (100 

mL) was cooled to -78 oc and butyllithium (2.5 M in hexanes, 13.1 mL, 32.8 mmol) 
was added. After it was stirred at -78 oc for 30 minutes, N-formylmorpholine (0.63 
mL, 82.1 mmol) was added. The reaction solution was slowly warmed to room 
temperature and then it was stirred for 10 hours. Ethyl acetate (200 mL) was added 

15 and the diluted solution was washed with saturated sodium bicarbonate solution (200 
mL). The organic layer was dried over anhydrous sodium sulfate, concentrated and 
purified by flash column chromatography on silica gel with 1/1 hexanes / ethyl acetate 
as eluant to give the title compound as a slightly yellow solid. iH NMR (CDCI3, 300 
MHz): 5 8.69 (s, 1 H), 9.04 (s, 1 H), 7.98-8.00 (m, 1 H), 7.82-7.89 (m, 2 H), 7.36- 

20 7.25 (m, 1 H). 

StepB (a/?,Y5,2S)-yV-((35,45)-3,4-dihydro-3-hydroxy-2//-l-ben2opyran-4-yl)- 
Y-hydroxy-a-(phenylmethyl)-4-[[5-(2-pyridinyl)-2-oxazolyl]methyl]-2- 
rr(2,2.2-trifluoroethvDa mino1carbonvn-l-piperazinepentanamide 
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To a solution of the aldehyde from the previous step (16 mg, 0.09 
mmol) and the penultimate from Example 12 Step D (50 mg, 0.09 mmol) in DCE (3 
nxL) was added sodium triacetoxyborohydride (28 mg, 0.13 mmol). The reaction 
5 mixture was stirred at room temperature for 24 hours and purified on preparative TLC 
(2000 microns, CH2CI2 / acetone / 2N NH3 in methanol = 47.5 / 47.5 / 5 as eluant) to 
give the titled compound as a white solid. iH NMR (CD3OD, 400 MHz): 5 8.58 (d, 
J=1.6 Hz, 1 H), 7.90 (t. J=1.6 Hz, 1 H), 7.80 (t, J=1.6 Hz, 1 H), 7.68-7.69 (m, 1 H), 
7.36-7.39 ( m, 1 H), 7.09-7.25 (m,7 H), 6,83 (t, J=7.2, 1 H), 6.73 (d, J=8.0 Hz, 1 H), 
10 5.16 (d. J=4 Hz, 1 H), 4.07-4.08 (m, 2 H), 3.80-3.96 (m, 1 H), 3.73-3.78 (m, 5 H), 
3.13-3.16 (m, 1 H), 2.83-3.06 (m, 3 H), 2.57-2.78 (m. 4 H), 2.40-2.49 (m, 4 H), 2.02- 
2.14 (m, 1 H), 1.37-1.44 (m, 1 H). LC-MS (M++1) (EI) 723.7. 

EXAMPLE 66 

15 (a/?,Y5,25)-iV-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-a- 
(phenylmethyl)-4-[l-methyl-l-[5-(2-pyridinyl)-2-oxazolyl]ethyl]-2-[[(2,2,2- 
trifluoroeth vDaminolcarbon vll- 1 -piperazinepen tanamide 




20 

Step A 
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A solution of hydroxyamine hydrochloride (25 g, 360 mmol) in water 
(50 mL) was added to aqueous sodium hydroxide (20%, 70 mL). To this stirred 
solution was added 2-acetylpyridine (36.3 g, 300 mmol). The reaction mixture was 
cooled to 0 oC at which it was stirred for 3 hours to form a white precipitate. It was 
5 filtered. And the solid was washed with ice-cooled water (300 mL). The solid 

obtained was dissolved in 600 mL of boiling water. The hot water solution was slowly 
cooled to room temperature to form a white needle. It was filtered. The crystalline 
solid was washed with ice-cooled water (300 mL) and dried under high vacuum 
overnight to give the titled compound. iH NMR (DMSO, 400 MHz): 5 8.56 (d, J=0.8 
10 Hz, 1 H), 7.80 (d, J=L6 Hz, 1 H), 7.75 (dd, J=1.6, 6.0 Hz/1 H), 7.32 (dd, J=6.0, 2.4 
Hz, 1 H). 2.19 (s, 3 H). 

StepB 



15 A solution of the oxime form the previous step (31 g, 228 mmol) and 

p-toluenesulfonyl chloride (54.3 g, 285 mmol) in pyridine (100 mL) was stirred at 
room temperature for 24 hours to form a brown precipitate. 500 mL of ice-cooled 
water was added while stirring. The initially formed brown precipitate dissolved 
followed by the formation of a white precipitate. This precipitate was collected by 

20 filtration and washed with ice-cooled water (3 X 200 mL). It was dried under high 

vacuum to constant weight to give the titled compound. iH NMR (CDCI3, 400 MHz): 
5 8.61 (ddd, J=1.0, 1.8, 4.9 Hz. 1 H), 7.48 (d, J=8.4 Hz, 1 H), 7.82 (dt, J=0.9, 8.1 Hz, 
1 H), 7.70 (dt, J=l .8, 7.7 Hz, 1 H), 7.32-7.39 (m, 3 H), 2.46 (s, 6 H). 

25 Step C 
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To a solution of the tosylate from the previous step (60 g, 205.2 mmol) 
in ethanol (1 L) was added potassium ethoxide (17.8 g, 21 1.4 mmol) at 0 OC, It was 
5 slowly warmed to room temperature at which it was stirred for 1 hour. It was then 
diluted with 1 i of anhydrous ethanol and HCl gas was bubbled in for 1 hour to see 
some precipitate. It was concentrated. The residue was distributed between methylene 
chloride (500 mL) and saturated sodium carbonate (about 500 mL to get pH=10). The 
organic layer was concentrated and vacuum distilled to get the titled compound as a 
10 colorless oil. iH NMR (CDCI3, 400 MHz): 

5 8.67-8.70 (m, 1 H), 7.71-7.80 (m, 2H), 7.20- 7.24 (m, 1 H), 3.35-3.49 (m, 4 H), 
3.21 (s, 2 H), 1.21- 1.28 (m, 6 H). 

StepD 



15 




To a solution of the piperazine intermediate from Example 12, Step A 
(1 g, 3.39 mmol following removal of the BOC group with trifluoroacetic acid) and 
silver trifluoromethane sulfonate (725 mg, 2.82 mmol) in THF (5 mL) was added 
triethylamine. While stirring, a solution of 2-bromo-2-methylpropionic acid (472 mg, 
20 2.82 mmol) in 5 mL of THF was introduced slowly (within 1.5 hours) through a 

syringe pump. The reaction mixture was stirred at room temperature for 2 hours after 
the additions. Then, it was filtered. The filtrate was concentrated and purified by flash 
column chromatography on silica gel with 10/1 ethyl acetate / methanol as eluant to 
give the title compound as a white solid. iH NMR (CDCI3, 400 MHz): 8 9.02 (broad 
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s, 1 H), 6.98 (broad s, 1 H), 5.90-6.00 (m, 1 H), 5.24-5.28 (m, 2 H), 5.65 ( broad s, 1 
H), 4.16 ( broad s, 1 H), 2.90-2.93 (m, 1 H), 2.55-2.57 (m, 1 H), 2.40-2.41 (m, 1 H), 
1.59-1.61 (m,lH). 



mmol) and the aminoacetal from Step C (1.33 g, 6.3 mmol) in DMF (20 mL) was 
added 0-benzoltriazol-l-N,N,N',N'-tetramethyiuronium hexafluorophosphate (4.77 

10 g,12.6 mmol), 1-hydroxybenzotriazol hydrate (1.7 g, 12.6 mmol) and 

diisopropylethylamine (4.56 mL, 26.2 mmol). After stirring at room temperature for 
10 hours, the reaction solution was distributed between ethyl acetate (300 mL ) and 
water (300 mL). The organic layer was washed with water (200 mL) and brine. It was 
dried over anhydrous sodium sulfate, concentrated and purified by flash column 

15 chromatography on silica gel with 1/2 hexanes / ethyl acetate as eluant to get the title 



compound as a white solid. 1h NMR (CDCI3, 400 MHz): 5 8.66 (d, J=4.8 Hz, 1 H), 
7.70 (d, J=3.6 Hz, 2 H), 7.27 (m, 1 H), 6.63 (t, J=6.1 Hz, 1 H), 5.89- 5.99 (m, 1 H), 
5.26-5.35 (m, 2 H), 4.65 (d, J=4.8 Hz, 3 H), 4.19 (dd, J=8.0, 13.6 Hz, 1 H), 3.92 ( 
broad s, 2 H), 3.57-3.68 (m, 3 H), 3.27-3.40 (m, 3 H), 2.82 (s, 2 H), 2.79 ( broad s, 1 
20 H), 2.49 (d, J=5.6 Hz, 1 H), 2.29 (dd, J=4.0, 8.0 Hz, 1 H), 2.14 ( dt, J=3.2, 1 1.6 Hz, 1 
H), 1.20-1.25 (2t, J=7.2 Hz, 6 H), 1.1 1 (s. 3H), 1.03 (s, 3 H). 



5 Step E 




To a solution of the carboxylic acid from the previous step (2 g, 5.24 



StepF 
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HN 




CF3 



The acetal from the previous step (1.6 g, 2.79 mmol) was dissolved in 



THF (10 mL) and HCl (6 N, 10 mL) was added. The reaction solution was stirred at 
70 OQ for 12 hours until (by TLC) the aceta) was consumed. It was diluted with 200 
5 mL of ethyl acetate and 1 N sodium hydroxide solution was added until pH=10. The 
organic layer was dried over anhydrous sodium sulfate, concentrated and purified by 
flash column chromatography on silica gel with 10/1 ethyl acetate/methanol as eluant 
to give the title compound as a white solid. iH NMR (CDCI3, 400 MHz): 6 8.70-8.1 
(m, 1 H), 8.00 (dt, J=0.4, 6.8 Hz, 1 H), 7.86 (dt, J=1.6, 6.0 Hz, IH), 7.51 (ddd, J=l .2, 
10 4.8. 7.6 Hz, 1 H), 6.66 (broad s, 1 H), 5.89- 5.99 (m, 1 H), 5.27-5.34 (m, 2 H). 5.1 1 
(dd, J=6.8, 19.6 Hz, 1 H), 4.80-4.86 (m, 2 H), 4.68 (d, J=4.2 Hz, 2 H), 4.00-4.09 (m, 1 
H), 3.72 (d. J=12 Hz, 1 H), 3.45-3.50 (m, 1 H), 3.27 (t, J=10.4 Hz, 1 H), 2.91 (d, 
J=10.4 Hz, 1 H), 2.45 (dd, J=4.0, 12.0 Hz, 1 H), 2.35 (dt, J=2.8, 12 Hz, 1 H), 1.30 (s, 
3H),1.27(s,3H). 

15 

StepG 



The ketoamide from the previous step (930 mg, 1.86 mmol) was 
20 dissolved in 6 mL of fuming sulfuric acid. It was stirred at 55- 60 o C for 1 5 minutes. 
After cooled to room temperature it was carefully poured into ice-water (20 mL). 
While the aqueous solution was stirred, potassium hydroxide (solid) was added slowly 
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until pH=12. It was extracted with ethyl acetate for 3 limes (100 mL each time). The 
combined extractant was dried over anhydrous sodium sulfate, concentrated and 
purified by flash column chromatography on silica gel with 100/12 ethyl 

acetate/methanol as eluant to give the title compound as a colorless glass. iH NMR 
5 (CDCls, 400 MHz): 5 8.64 (t, J=4.8 Hz, 1 H), 8.19 ( broad s, 1 H), 7.74-7.80 (m, 1 

H), 7.59-7.65 (m, 2 H), 7.23-7.28 (m, 1 H), 3.92-4.03 (m, 2 H), 3.51 (dd, J=3.6, 5.6 
Hz, 1 H), 2.84-2.99 (m, 2 H), 2.76-2,82 (m, 1 H), 2.56- 2.64 (m, 3 H), 1.62 (s, 3 H), 
1.61 (s, 3 H). LC-MS (M++1) (EI) 398.3, 399.3 

10 Step H (ot«,YS,2S)-A^-((35,45)0,4-dihydro-3-hydroxy-2i¥-l-benzopyran-4-yl)^ 
Y-hydroxy-a-(phenylmethyl)-4-[l-methyM-(5-(2-pyridinyl)-2- 
oxazoIyl]ethyl]-2-[[(2,2,2-trifluoroethyI)amino]carbonyI]-l- 
piperazinepentanamide 

15 A solution of the intermediate from the previous step (470 mg, 1.18 

mmol) and the epoxide from Example 1, Step P (535.2 mg, 1.36 mmol) in ethanoi (10 
mL) was refluxed for 2 days. After the solvent was evaporated the residue was 
purified by flash column chromatography on silica gel with 10/1 ethyl 
acetate/methanol as eluant to get a white solid (580 mg) (LC-MS (M++1) (EI) 791.5). 

20 The solid obtained was dissolved in methanol (10 mL) and cooled to 0 OC. HCl (1 N 
in ether, 10 mL) was added and the reaction solution was warmed to room 
temperature at which it was stirred for 10 hours. The solvent was evaporated. The 
residue was distributed between ethyl acetate (50 mL) and 1 N potassium hydroxide 
(10 mL). The organic layer was dried over anhydrous sodium sulfate, concentrated 

25 and purified by flash column chromatography on silica gel with 10/1 ethyl 

acetate/methanol as eluant to give the title compound as a white solid. iH NMR 
(CD3OD, 400 MHz): 5 8.58 (dt, J=1.2, 4.8 Hz, 1 H), 7.91 (dt, J=1.6, 7.6 Hz, 1 H), 

7,78 (d, J=8.0Hz, 1 H), 7.67 (s, 1 H), 7.36-7.39 (m, 1 H), 7.05-7.22 (m, 7 H), 6.80 (t, 
J=7.2 Hz, 1 H), 6.72 (d, J=8.0 Hz, 1 H), 5.14 (d,J=4.1 Hz, 1 H), 4.06 (s, 2 H), 3.91- 
30 4.01 (m,l H), 3.70-3.87 (m, 3 H), 3.28-3.31 (m, 2 H), 3.08 (dd, J=3.3, 7.2 Hz, 1 H), 
2.95-3.02 (m, 2 H), 2.87-2.94 (m, 2 H), 2.62-2.79 (m, 3 H), 2.49 (t, J=8.4 Hz, 1 H), 
2.31-2.44 (m, 3 H), 1.98-2.05 (m, 1 H), 1.61 (s, 3 H), 1.60 (s, 3 H), 1.33-1.40 (m, 1 
H). LC-MS (M++1) (EI) 751.5 



35 
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EXAMPLE 67 

(<x/if,Y5,25)-N-((35,45)-3.4-dihydro-3-hydroxy-27/-l-benzopyran-4-y0 

[1 -methyl- l-[5-(3-pyridinyl)-2-oxazolyl]ethyl]-a-(phenylmethyl)-2-[[(2,2,2- 

trifluoroethyDaminolcarbonvn-l-piperazinepentanamide 



Step A 




10 

A solution of hydroxyamine hydrochloride (25 g, 360 mmol) in water 
(50 niL) was added to aqueous sodium hydroxide (20%, 70 mL). To this stirred 
solution was added 2-acetyIpyridine (36.3 g, 300 mmol). The reaction mixture was 
cooled to 0 oc at which it was stirred for 3 hours to form a white precipitate. It was 
15 filtered. And the solid was washed with ice-cooled water (300 mL). The solid 

obtained was dissolved in 600 mL of boiling water. The hot water solution was slowly 
cooled to room temperature to form white needles. It was filtered. The crystalline 
solid was washed with ice-cooled water (300 mL) and dried under high vacuum over 
night to give the titled compound. iH NMR (DMSO, 400 MHz): 6 8.82 (d, J=1.8 Hz, 

20 1 H), 8.54 (dd, J=i.6, 4.9 Hz, 1 H), 7.99(dt, J=4.0. 8.0 Hz, 1 H). 7.40 (dd, J=4.7, 8.0. 
HzlH).2.16(s,3H). 
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StepB 




A solution of the oxime form the previous step (16.5 g, 121 mmol) and 
5 p-toiuenesulfonyl chloride (29 g, 152 mmol) in pyridine (70 mL) was stirred at room 
temperature for 24 hours to form a brown precipitate. 300 mL of ice-cooled water 
added while stirring. The initially formed brown precipitate dissolved followed by the 
formation of a white precipitate. This precipitate was collected by filtration and 
washed with ice-cooled water for 3 times (100 nvL each time). It was dried under high 
10 vacuum to constant weight to give the titled compound. NMR (CDCls^ 400 MHz): 
5 8.81 (d, J=1.7 Hz, 1 H), 8.67 (dd, J=2.0. 4.9 Hz, 1 H), 7.94 (dl, J=2.0, 8.3 Hz, 2 H), 
7.90 (dt, J=1.6, 8.0 Hz, 1 H), 7.38 (d. J=8.0 Hz, 2 H), 7.32-7.36 (m, 1 H), 2.46 (s, 3 
H), 2.39 (s, 3 H). 

15 StepC 




N 



To a solution of 2-acetylpyridine tosylate from the previous step (30 g, 
102.6 mmol) in ethanol (500 mL) was added potassium ethoxide (9.1 g, 105.7 mmol) 
at 0 oc. It was slowly warmed to room temperature at which it was stirred for 1 hour. 

20 It was then diluted with 500 mL of anhydrous ethanol and HCl gas was bubbled in for 
1 hour to see some precipitate. It was concentrated. The residue was distributed 
between methylene chloride (500 mL) and saturated sodium carbonate (about 500 mL 
to gel pH=10). The organic layer was concentrated and vacuum distilled to get the 
titled compound as a coloriess oil. iH NMR (CDCI3, 400 MHz): 

25 5 8.76-8.77 (m, 1 H), 8.58 (dd, J=1.8, 4.9 Hz, 1 H), 7.84 (dt. 1.8, 8.0 Hz, IH), 7.32 
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(ddd, J= 0.8, 4.8, 8.0 Hz, 1 H). 3.37-3.53 (m, 4 H). 3.03 (s, 2 H), 1.25 (t, J=7.0 Hz, 6 
H). 

StepD 



5 




To a solution of the carboxyiic acid from the Example 66, Step D (2 g, 
5.24 mmol) and the aminoacetal from the previous step (1.33 g, 6.3 mmol) in DMF 
(20 mL) was added 0-benzoltriazol-l-N,N,N',N'-tetramethyluronium 
hexafluorophosphate (4,77 g,i2.6 mmol), l-hydroxybenzotriazol hydrate (L7 g, 12.6 

10 mmol) and diisipropylethylamine (4.56 mL, 26.2 mmol). After stirring at room 

temperature for 10 hours, the reaction solution was distributed between ethyl acetate 
(300 mL ) and water (300 mL). The organic layer was washed with water (200 mL) 
and brine. It was dried over anhydrous sodium sulfate, concentrated and purified by 
flash column chromatography on silica gel with 1/2 hexanes / ethyl acetate as eluant 

1 5 to give the title compound as a white solid. iR NMR (CDCI3, 400 MHz): 5 8.66 (d, 

J=4.8 Hz, 1 H), 7.70 (d, J=3.6 Hz, 2 H), 7.27 (m, 1 H), 6.63 (t, J=6.1 Hz, 1 H), 5.89- 
5.99 (m, 1 H), 5.26-5.35 (m, 2 H), 4,65 (d, J=4.8 Hz, 3 H), 4.19 (dd, J=8.0, 13.6 Hz, 1 
H). 3.92 ( broad s, 2 H), 3.57-3.68 (m, 3 H), 3.27-3.40 (m, 3 H), 2.82 (s, 2 H), 2.79 ( 
broad s, 1 H), 2.49 (d, J=5.6 Hz, 1 H), 2.29 (dd, J=4.0. 8.0 Hz, 1 H), 2.14 ( dt, J=3.2, 
20 11.6 Hz, 1 H), 1.20-1.25 (2t, J=7.2 Hz, 6 H), 1.11 (s, 3H), 1.03 (s, 3 H). 

StepE 
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HnAq ° 

CFg 



The acetal from the previous step (1.7 g, 2.96 mmol) was dissolved in 



10 



15 



THF (10 mL) and HCl (6 N, 10 mL) was added. The reaction solution was stirred at 
70 OC for 12 hours, until the acetal was consumed. It was diluted with 200 mL of 
ethyl acetate and 1 N sodium hydroxide solution was added until pH=10. The oi;ganic 
layer was dried over anhydrous sodium sulfate, concentrated and purified by flash 

column chromatography on silica gel with 10/1 ethyl acetate/methanol as eluant to 
give the title compound as a white solid. iH NMR (CDCI3, 400 MHz): 6 9.19 (s, 1 



H), 8.82 (d, J=3.7 Hz, 1 H), 8.33 (broad s, 1 H), 8.23 (dt, J=2.0, 8.0 Hz, 1 H), 7.46 
(dd, J=4.9, 7.8 Hz, 1 H), 6.76 (broad s, 1 H), 5,88- 6.01 (m, 1 H), 5.27-5.36 (m, 2 H), 
4.74-4.94 (m, 2 H), 4.68 (d, J=5.4 Hz, 2 H), 4.53 ( dd, J= 3.0, 15.6, 1 H), 4.00-4.26 
(m, 2 H), 3.68-3.71 (m, 1 H), 3.64 (d, J=9.7 Hz, 1 H), 3.25 (t, J=9.3 Hz, 1 H), 2.87 (d. 
J=11.0 Hz, 1 H), 2.43 (dd, J=3.5, 1 1.5 Hz, 1 H), 2.33 (dt, J=3.3, 1 1.7 Hz, 1 H), 1.81 
(broad s, 1 H), 1.68-1.71 (m, 1 H), 1.27 (s. 6H). 



dissolved in 8 mL of fuming sulfuric acid. It was stirred at 55- 60 o C for 20 minutes. 
After cooled to room temperature it was carefully poured into ice-water (20 mL). 
While the aqueous solution was stirred, potassium hydroxide (solid) was added slowly 
until pH=12. It was extracted with ethyl acetate for 3 times (100 mL each time). The 



StepF 




CF3 



The ketoamide from the previous step (1.01 g mg, 2.02 mmol) was 
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combined extractant was dried over anhydrous sodium sulfate, concentrated and 
purified by flash column chromatography on silica gel with 100/12 ethyl 
acetate/methanol as eluant to give the title compound as a colorless glass. NMR 
(CDCI3, 400 MHz): 5 8.91 (d, J=1.8 Hz, 1 H), 8.59 (dd, J=1.5, 4.9 Hz, 1 H), 8.08 

5 (broad s, 1 H), 7,91 (dt, J=2.0. 8.0 Hz, 1 H), 7.38 (ddd, J=0.8, 4.9, 8.0 Hz, 1 H), 7.35 
(s, 1 H), 3.91-4.00 (m, 2 H), 3.51 (dd, J=3.8, 5.6 Hz, 1 H), 2.84-2.99 (m, 3 H), 2.76- 
2.82 (m, 1 H), 2.52- 2.64 (m, 2 H). 1.61 (s, 3 H), 1.60 (s, 3 H). LC-MS (M++1) (EI) 
398.3. 



10 Step G (ccR,Y'S,25)-iV-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)- 
Y-hydroxy-4-[l-methyl-l-[5-(3-pyridinyl)-2-oxazolyl]ethyI]-a- 
(phenylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l- 
piperazinepentanamide 



15 A solution of the intermediate from the previous step (608 mg, 1.53 

mmol) and the epoxide from Example 1, Step P(6.93 mg, 1.76 mmol) in ethanol (15 
mL) was refluxed for 12 hours. After the solvent was evaporated the residue was 
purified by flash column chromatography on silica gel with 10/1 ethyl 
acetate/methanol as eluant to get a white solid (620 mg) (LC-MS (M++1) (EI) 791.5). 

20 The solid obtained was dissolved in methanol (8 mL) and cooled to 0 OC. HCl (1 N in 
ether, 10 mL) was added and the reaction solution was warmed to room temperature 
at which it was stirred for 10 hours. The solvent was evaporated. The residue was 
distributed between ethyl acetate (50 mL) and I N potassium hydroxide (10 mL). The 
organic layer was dried over anhydrous sodium sulfate, concentrated and purified by 

25 flash column chromatography on silica gel with 10/1 ethyl acetate/methanol as eluant 
to give the title compound as a white solid. iH NMR (CD3OD, 400 MHz): 5 8.89 (d, 

J=1.8 Hz, 1 H), 8.51 (d. J=3.5 Hz, 1 H), 8.13 (dt, J=1.9, 8.0 Hz, 1 H), 7.81 (d, J=8.8 
Hz, 1 H), 7.63 (s, 1 H), 7.51 ( dd, J=4.9, 8,0 Hz, 1 H), 7.10-7.26 (m, 5 H), 7.05-7.09 
(m, 2 H). 6.80 (t, J=7.2 Hz, 1 H), 6.72 (d, J=8.0 Hz, I H), 5.14 (d,J=3.9 Hz, 1 H), 4.06 
30 (s, 2 H), 3.91-4.01 (m.l H), 3.70-3.87 (m, 3 H), 3.28-3.31 (m, 1 H), 3.10-3.21 (m, 2 
H), 2.89-3.04 (m, 4 H), 2.80 (broad s, 1 H), 2.63-2.75 (m, 3 H), 2.41-2.52 (m, 4 H), 
1.98-2.05 (m, 1 H), 1.61 (s, 3 H), 1.60 (s, 3 H). 1.33-1.40 (m, I H). LC-MS (M++1) 
(EI) 751.5 



35 
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(a/?,YS,25)-A^-((35,45)-3,4-dihydro-3-hydroxy-2//-t-benzopyran-4-yl)-Y-hyclroxy-4- 
[(5-phenyl-2-furanyl)methyl]-a-(5-pyrimidinylmethyl)-2-[[(2,2,2- 
trifluoroeth vDarninolcarbonvll-l-Diperazinepentananiide 




Step A 



O 




To a solution of 5-bromopyrimidine (2.4 g, 15.1 mmol) in Nbutyl 
10 acrylate (30 mL) was added palladium acetate ( 1 69.4 mg, 0.755 mmol) and 

triethylamine (3 mL, 21.59 mmol). The flask was sealed and heated at 80 oc. After 24 
hours, another portion of palladium acetate (169.4 mg, 0.755 mmol) was added and 
the reaction mixture was heated at 80 oc for 24 hours. The solvent was removed in 
vacuo and the crude reaction mixture was purified by flash column chromatography 
15 on silica gel with 3 :7 ethyl acetate/hexane as the eluant to give the titled compound. 
IH NMR (CDCI3, 300 MHz): 9.18 (s, IH). 8.86 (s. 2H). 7.52 (d. 7 = 17.5 Hz, IH), 
6.50 (d, J = 17.5 Hz. IH), 1.55 (s, 9H). 

Step B 
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To the intermediate prepared in Step A (100 mg, 0.485 mmol) and 
triethylamine (0.135 mL, 0.97 mmol) in ethanol (5 mL) was added 10 % palladium on 
carbon (18 mg). The reaction mixture was stirred under a hydrogen balloon and the 
5 progress of the reaction was monitored by TLC. After half an hour the reaction 
mixture was filtered through celite and the filtrate was concentrated in vacuo. The 
crude product was purified by flash column chromatography on silica gel with 3:7 
ethyl acetate/hexane as the eluant to give the titled compound. iH NMR (CDCI3, 300 

MHz): 9.08 (s, IH), 8.62 (s, 2H), 2.90 (t, 2H), 2.59 (t, 2H), 1.42 (s, 9H). 

10 

StepC 




To the intermediate prepared in Step B (289 mg; 1.39 mmol) was 
added trifluoroacetic acid (10 mL) and stirred at room temperature for an hour. The 

15 solvent was removed in vacuo. The resulting product in methylene chloride (10 mL) 
was added aminochromanol (415 mg, 2.08 mmol,) prepared as in Example 1 Step L, 
EDC (531 mg, 2.78 mmol), HOBt (375 mg, 2.78 mmol) and N.N- 
diisopropylethylamine (1.2 mL, 6.95 mmol). The reaction mixture was stirred at room 
temperature overnight. A white precipitate of the titled compound was formed. The 

20 precipitated product was collected by filtration. The filtrate which also contained 
product was washed with water, dried over anhydrous sodium sulfate, filtered and 
concentrated in vacuo. iH NMR (CDCI3, 300 MHz): 9.02 (s, IH), 8.75 (s, 2H), 7.10 

(m, IH), 6.84 (m, 2H), 6.76 (m. IH), 5.22 (m, IH), 4.12 (m, 2H), 4.20 (m, IH), 3.06 
(t, 2H), 2.72 (t, 2H). 
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StepD 




To the intermediate prepared in Step C (306 mg, 1.02 mmol) in 
methylene chloride (10 mL) was added 2-methoxypropene (0.491 mL. 5.1 1 mmol) 
5 and camphorsulfonic acid (522 mg. 2.25 mmol). The reaction mixture was stirred at 
room temperature and the progress of the reaction was monitored by TLC. After 3 
hours the crude reaction mixture was poured into 1 N aqueous sodium hydroxide 
solution and the product was extracted with ethyl acetate three times. The organic 
layers were combined, washed with brine, dried over anhydrous sodium sulfate, 
10 filtered and concentrated in vacuo. The crude product was purified by flash column 
chromatography on silica gel with ethyl acetate as the eluant to give the titled 
compound as a white solid. iH NMR (CDCI3, 300 MHz): 9.10 (s, IH), 8.68 (s, 2H), 
7.12 (m, IH), 6.98 (m, IH), 6.86 (t, 2H), 4.92 (m, IH), 4.39 (m, IH), 4.28 (m, IH), 
4.18 (m. IH), 3.10 (m, 2H). 3.00 (m, 2H), 1.60 (s, 3H), 1.25 (s, 3H). 

15 

StepE 




To a solution of intermediate prepared in Step D (122 mg, 0.3592 
mmol) in anhydrous tetrahydrofuran (5 mL) at -25 oc was added allylbromide (0.034 
20 mL, 0.395 mmol) followed by 1 .0 M lithium bis(trimethylsilyl)amide in THF (0.395 
mL, 0.395 mmol). The reaction mixture was stirred at -25 oc and progress of reaction 
was monitored by TLC. After 2 hours the reaction was quenched with water and 
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warmed up to room temperature. The crude reaction mixture was extracted with ethyl 
acetate three times. The organic layers were combined, dried over anhydrous sodium 
sulfate, filtered and concentrated in vacuo. The crude product was purified by flash 
column chromatography on silica gel with 1:1 ethyl acetate/hexane as the eluant to 



5 give the titled compound as a white solid. IH NMR (CDCI3. 300 MHz, mixture of 
rotamers Rl and R2 7:3 ratio): 9.16 (s, 0.7H, Rl), 9.07 (s, 0.3H, R2), 8.74 (s, 1.4H, 
Rl), 8.63 (s. 0.6H, R2), 7.66 (m. 0.3H), 7.18-7.04 (m, IH). 6.90-6.78 (m. 1.4H), 6.55 
(t. 0.7H), 6.22 (d, 0.7H), 5.94-5.68 (m, 1.3H), 5.22-4,94 (m, 2.7H), 4.42-4.02 (m, 3H), 
3.37-3.12 (m, 2H), 2.84-2.77 (m, IH), 2.50-2.26 (m, 2H), 1.35-1.07 (m, 6H). 



acetate (6 mL) at 0 OQ was added 0.5 M aqueous sodium bicarbonate solution (6 mL) 
15 and A^-iodosuccinimide (177 mg, 0.788 mmol). The reaction mixture was allowed to 
warm to room temperature. After 14 hours the mixture was poured into aqueous 
sodium sulflte solution and extracted with ethyl acetate three times. The organic 
layers were combined, dried over anhydrous sodium sulfate, filtered and concentrated 
in vacuo. The resulting product was dissolved in ethyl acetate (5 mL) and sodium 
20 methoxide in methanol (25 wt. %, 0.136 mL, 0.596 mmol) was added. The reaction 
mixture was stirred at room temperature and progress of reaction was monitored by 
TLC. After an hour the mixture was poured into saturated sodium bicarbonate 
solution and the product was extracted with ethyl acetate three times. The combined 
organic layers were dried over anhydrous sodium sulfate, filtered and concentrated in 
25 vacuo. The crude titled product was purified by flash column chromatography on 
silica gel with ethyl acetate as the eluant. iH NMR (CDCI3, 300 MHz, mixture of 

rotamers Rl and R2 4:1 ratio): 9.17 (s, 0.8H, Rl). 9.11 (s, 0.2H, R2), 8.72 (s, 1.6H, 



10 



StepF 




To the intermediate prepared in Step E (142 mg, 0.375 mmol) in ethyl 
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Rl), 8.63 (s, 0.4H, R2), 7.69 (d, J = 8.24 Hz, 0.2H, R2), 7.14-7.08 (m. IH), 6.87-6.80 
(m, 1.2H), 6.62-6.56 (m, 0.8H, Rl), 6.36 (d, J = 7.84, 0.8H, Rl), 5.85 (d, J = 5.55 Hz, 
0.2H, R2), 5.34 (d, J = 4.67 Hz, 0.8H, Rl), 4.44-4.04 (m, 3H), 3.40-3.36 (m, 1.6H), 
3.15-2.68 (m, 4H), 2.55-2.20 (m, 2.4H), 1.50-1.22 (m, 6H). 



mmol) was treated with 30 % TFA/methylene chloride (20 mL). The reaction mixture 

10 was stirred at room temperature for an hour. Then solvents were removed in vacuo. 
The reaction mixture was diluted with chloroform. 1 N NaOH was added to adjust the 
pH to 14 followed by extraction with chloroform three times. The organic layers were 
combined, washed with brine, dried over anhydrous sodium sulfate, filtered and 
concentrated in vacuo. The resulting product (469 mg, 1.59 mmol) in dichloroethane 

15 (20 mL) was added the intermediate prepared in Example 23, Step G (273 mg, 1.59 
mmol) followed by sodium triacetoxyborohydride (505 mg, 2.38 mmol). The reaction 
mixture was stirred at room temperature overnight Then solvent was removed in 
vacuo. The crude product was purified by flash column chromatography on silica gel 
with 3:7 ethyl acetate/hexane as the eluant. The resulting intermediate (408 mg, 0.904 

20 mmol) in methylene chloride (10 mL) was added 1,3-dimethylbarbituric acid (169 mg, 
1.08 mmol). After stirring at room temperature for 5 min, Pd(PPh3)4 (52 mg, 0.045 
mmol) was added. The reaction mixture was stirred at room temperature and progress 
of reaction was monitored by TLC. After an hour the mixture was poured into IN 
NaOH and the product extracted with methylene chloride three times. The organic 

25 layers were combined, dried over anhydrous sodium sulfate, filtered and concentrated 
in vacuo. The crude reaction mixture was purified by flash column chromatography 
on silica gel with 8 % methanol/ethyl acetate as the eluant to give the titled 
compound. iH NMR (CDCI3, 300 MHz): 7.77 (bs, IH), 7.66-7.62 (m, 2H), 7.39-7.34 
(m, 2H), 7.26-7.22 (m, IH), 6.58 (d, 7 = 3.24 Hz. IH), 6.29 (d. J = 3.02 Hz, IH), 



5 



StepG 




The intermediate prepared as in Example 12, Step A ( 500 mg, 1.32 
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3.98-3.71 (m, 4H), 3.64 (d, / = 9.68 Hz. 2H), 3.58-3.50 (m, IH), 2.99-2.83 (m, 3H), 
2.62-2.46 (m, 3H). 

StepH 




The intermediate prepared in Step G (98 mg, 0.266 mmol) and the 
intermediate prepared in Step F (105 mg, 0.266 mmol) in methanol (4 mL) was heated 
to reflux overnight. The solvent was removed in vacuo. The crude reaction mixture 
was purified by flash column chromatography on silica gel with 1:24 methanol/ethyl 
10 acetate as the eluant to give the titled compound as a white solid. iH NMR (CDCI3, 

300 Nfflz, mixture of rotamers Rl and R2 4:1 ratio): 9.21 (bs, NH, IH), 9.14 (s, 0.8H, 
Rl), 9.09 (s, 0.2H, R2), 8.70 (s. 1,6H, Rl), 8.61 (s, 0.4H, R2), 7.61 (d, J = 7.36 Hz, 
2H), 7.40-7.38 (m, 2H), 7.35-7.25 (m. IH), 7.12-7.07 (m, IH), 6.82-6.80 (m, 1.2H). 
6.66-6.58 (m, 2H), 6.52-6.49 (m, 0.8H, Rl), 6.31-6.28 (m, IH), 5.88 (d, 0.2H, R2), 
15 5.68 (d, / = 4.61 Hz, 0.8H, Rl), 4.44-4.07 (m, 5H), 3.78-2.40 (m, 21H), 1.81-1.71 (m, 
1.6H, Rl), 1.68 (s, 2.4H, Rl), 1.60-1.55 (m, 0.4H, R2), 1.47 (s, 0.6H, R2), 1.34 (s. 
0.6H, R2). 1.24 (s, 2.4H,R1). 

Stepl ((x^,Y.S,2S)-A^-((3S,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)- 
20 Y-hydroxy-4-[(5-phenyl-2-furanyl)methyl]-a-(5-pyrimidinylmethyl)-2- 
[r(2.2.2-trifluoroethvl)aniino1carbonvlM-piperazinepentanamide 



To a solution of the intermediate obtained in Step H (92 mg, 0.123 
mmol) in methanol (5 mL) was added 1 M HCl in ethyl ether (2.5 mL, 2.46 mmol). 
25 The reaction mixture was stirred at room temperature. After overnight the mixture 

was neutralized by 2 M ammonia in methanol. The solvent was removed in vacuo and 
the reaction mixture was diluted with chloroform and washed with 1 N NaOH. The 
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10 



15 



aqueous layer was extracted with chloroform three times. The organic layers were 
combined, dried over anhydrous sodium sulfate, filtered and concentrated in vacuo. 
The crude product was purified by flash column chromatography with 4% 2M 
ammonia in methanol/ethyl acetate as the eluant. iH NMR (CDCI3, 300 MHz): 9.15 
(bs, NH, IH). 8.99 (s. IH), 8.47 (s, 2H), 7.64-7.61 (m. 2H). 7.40-7.35 (m, 2H), 7.29- 
7.27 (m, IH), 7.12-7,25 (m, 2H), 6.82-6.73 (m, 2H), 6.60 (d, J = 3.27 Hz,' 1H),'6.31 
(d, 7 = 3.30 Hz, IH), 5.20-5.18 (m, IH). 4.15-4.00 (m, 3H), 3.77-3.69 (m', 3H)! 3 57- 
3.31 (m, 4H), 3.01-2.04 (m, lOH), 1.84^1.76 (m, IH), 1.48-1.40 (m, IH) LC-MS 
(M++1) (EI) 723. 

EXAMPLE 69 

(a/?,Y5.25)-iV-((3S,45)-3.4-dihydro-3-hydroxy-2H-l-benzopyran-4-y])-Y-hydroxy-4. 
[(5-phenyl-2-furanyl)methyl]-a-(2-pyrazinylmethyl)-2-[[(2,2.2- 
trifluoroethvnaminolcarfinTi vn-l-Dip era7.in eDentanamirtf. 




20 



Step A 



To a solution of chloropyrazine (0.78 mL, 8.73 mmol). /-butyl acrylate 
(6.4 mL, 43.6 mmol) and triethylamine (6.1 mL, 43.6 mmol) in anhydrous DMF (20 
mL) was added palladium acetate (98 mg. 0.436 mmol) and 2-(di-/- 
butylphosphino)biphenyl (260 mg, 0.873 mmol). The flask was sealed and heated at 

-283 - 



wo 01/38332 



PCT/USOO/32089 



25 



120 oc. After 14 hours the reaction mixture was poured into water and the product 
was extracted with ethyl acetate. The organic layer was dried over sodium sulfate, 
filtered and concentrated in vacuo. The crude reaction mixture was purified by flash 
column chromatography on silica gel with 3:17 ethyl acetate/hexane as the eluant to 
give the titled compound. iH NMR (CDCI3, 300 MHz): 8.68 (s, IH), 8.60 (m, IH), 

8,52 (m, IH), 7.60 (d, 7 = 15 Hz, IH), 6.92 (d, 7 = 15 Hz,. IH), L56 (s, 9H). 



StepB 

o 

-0-1^ 



10 To the intermediate prepared in Step A (518 mg, 2.51 mmol) and 

triethylamine (0.71 mL, 5.10 mmol) in ethanol (20 mL) was added 10 % palladium on 
carbon (95 mg). The reaction mixture was stirred under a hydrogen balloon and 
progress of reaction was monitored by HPLC. After 2 hours the reaction mixture was 
filtered through celite and the filtrate was concentrated in vacuo to give the titled 

15 compound. iH NMR (CDCI3, 400 MHz): 8.52 (s, IH), 8.50 (m, IH), 8.23 (m, IH), 

3.13 (t, 2H), 2.75 (t, 2H). 1.42 (s, 9H). 



StepC 



( 



N 




O 

OH 



20 To the intermediate prepared in Step B (430 mg, 2.07 mmol) was 

added trifluoroacetic acid (20 mL) and stirred at room temperature for an hour. The 
solvent was removed in vacuo to give the titled compound. iH NMR (CDCI3, 400 

MHz): 8.74 (m, IH), 8.68 (s, IH), 8.54 (m, IH), 3.28 (t, 2H), 2.98 (t, 2H), 1.40 (s, 
9H). 



StepD 
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20 




To the intennediate obtained in Step C (312 mg, 2.05 mmol) in 
methylene chloride (10 mL) was added aminochromanol (409 mg, 2.05 mmol) 
prepared as in Example 1 Step L, EDC (392 mg. 2.05 mmol), HOBt (277 mg. 2 05 
mmol) and M/V-diisopropylethylamine (1.19 mL. 6.83 mmol). The reaction mixture 
was stirred at room temperature overnight. Then solvent was removed in vacuo The 
reaction mixture was diluted with ethyl acetate and washed with brine. The aqueous 
layer was extracted with ethyl acetate three times. The organic layers were combined 
dned over anhydrous sodium sulfate, filtered and concentrated in vacuo. The resulting 
product in methylene chloride (30 mL) was added 2-methoxypropene (0.8 mL 8 33 
mmbl) and camphorsulfonic acid (350 mg. 1 .51 mmol). The reaction mixture was 
stirred at room temperature and progress of reaction was monitored by TLC. After an 
hour the crude reaction mixture was poured into 1 N NaOH and the product was 
extracted with ethyl acetate three times. The organic layer, were combined, washed 
15 with bnne, dried over anhydrous sodium sulfate, filtered and concentrated in vacuo 
The crude product was purified by flash column chromatography on silica gel with 
ethyl acetate as the eluant to give the titled compound. iH NMR (CDCI3, 300 MHz, 
mixture of rotamers Rl and R2 3:2 ratio): 8.59-8.39 (m, 3H). 7.40 (m, 0 4H R2) 7 30 
(m. 0.6H. Rl). 7.20-7.10(m. IH), 6.94-6.78 (m, 2H). 5.79 (m. 0.4H. R2), 5 18 (m 
0.6H. Rl). 4.48-4.05 (m. 3H). 3.36-3.20 (m. 4H). 1.72 (s. 1.2H. R2), 1.56 (s 1 8H 
Rl).L39(s.l.2H.R2),1.28(s,1.8H,Rl). ' " ' 



StepE 
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To a solution of intermediate prepared in Step D (622 mg, 1.83 mmoi) 
in anhydrous tetrahydrofuran (20 niL) at -25 oQ was added allylbromide (0.174 mL, 
2.02 mmol) followed by 1.0 M lithium bis(trimethylsilyl)ainide in THF (2.02 niL, 
2.02 mmol). The reaction mixture was stirred at -25 oC and progress of reaction was 
monitored by TLC. After 2 hours the reaction was quenched with water and warmed 
up to room temperature. The crude reaction mixture was extracted with ethyl acetate 
three times. The organic layers were combined, dried over anhydrous sodium sulfate, 
filtered and concentrated in vacuo. The crude product was purified by flash column 
chromatography on silica gel with 1:1 ethyl acetate/hexane as the eluant to give the 
titled compound as a white solid. iH NMR (CDCI3, 300 MHz, mixture of rotamers 

Rl and R2 7:3 ratio): 8.60-8.42 (m. 3H), 7.16-7.10 (m, IH), 6.98-6.68 (m, 3H), 5.95- 
5.62 (m, 1.3H). 5.20-4.99 (m, 2.7H), 4.48-4.06 (m. 3H), 3.75-3.64(m, 0.7H), 3.50- 
3.18 (m, 1.3H), 3.08-3.00 (m, IH). 2.52-2.20 (m, 2H), 1.65-1.20 (m, 6H). 



StepF 




20 



To the intermediate prepared in Step E (53 mg, 0.14 mmol) in ethyl 
acetate (2 mL) at 0 oC was added 0.5 M aqueous sodium bicarbonate solution (2 mL) 
and iV-iodosuccinimide (95 mg, 0.421 mmol). The reaction mixture was allowed to 
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gradually warm to room temperature and progress of reaction was monitored by 
HPLC. After 2.5 hours the reaction mixture was poured into aqueous sodium sulfite 
solution and the product was extracted with ethyl acetate three times. The organic 
layers were combined, dried over anhydrous sodium sulfate and concentrated in 
vacuo. The resulting product was dissolved in ethyl acetate (2.5 mL) and sodium 
methoxide in methanol (25 wt. %. 0.073 mL, 0.32 mmol) was added. The reaction 
mixture was sUrred at room temperature and progress of reaction was monitored by 
TLC. After an hour the mixture was poured into saturated sodium bicarbonate 
solution and the product was extracted with ethyl acetate three times. The combined 
organic layers were dried over anhydrous sodium sulfate, filered and concentrated in 
vacuo. The crude product was purified by flash column chromatography on silica gel 
wjth ethyl acetate as the eluant to give the titled compound. iH NMR (CDCI3. 300 
MHz, mixture of rotamers Ri and R2 2:1 ratio): 8.58-8.43 (m. 3H). 7.26 (m, 0.3H 
R2). 7.16-7.11 (m, 0.7H. Rl), 7.00-6.73 (m, 3H), 5.85 (d. 7 = 5.50 Hz, 0.3H,' R2) ' 
5.40 (d, J = 4.67 Hz, 0.7H, Rl), 4.50-4.04 (m, 3H), 3.82-2.18 (m. 8H). 1.74 (s 2H 
R2), 1.60 (s, IH, R2), 1 .52 (s, IH, R2). 1.30 (s, 2H. Rl). 



StepG 



20 



25 




The intermediate prepared in Step F (90 mg, 0.244 mmol) and the 
intermediate prepared as in Example 68 Step G ( 150 mg. 0.38 mmol) in methanol (4 
mL) were heated to reflux overnight. The solvem was removed in vacuo. The crude 
reaction mixture was purified by flash column chromatography on silica gel with 2 % 
methanol/ethyl acetate as the eluant to give the titled compound as a white solid iH 
NMR (CDCI3, 300 MHz, mixture of rotamers Rl and R2 3:1 ratio): 9.15 (bs, NH. 
0.75H, Rl), 9.08 (bs. NH, 0.25H, R2), 8.54 (s, 1.5H, Rl) 8.52 (s. 0.5H. R2). 8.46 (s. 
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0.75H, Rl), 8.41 (s, 0.2'5H, R2), 7.60 (m, 2H), 7.38 (m. 2H), 7.27 (m, IH), 7.16-7.10 
(m, 2H), 6.85-6.75 (m, 2H), 6.58 (m, IH), 6.30 (m, IH), 5.90 (d, 0.25H), 5.75 (d, 
0.75H), 4.48-4.05 (m, 3H). 3.90-2.85 (m, IIH), 2.68-2.30 (m. 6H), 1.80-1.22 (m, 8H). 

5 StepH (a/?,Y5,25)-7V-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl). 

Y-hydroxy-4-[(5-phenyl-2-furanyl)methyl]-a-(2-pyraziny]methyl)-2- 
fr(2,2>2 -trifluoroethvl)ainino1carbonvl1-l-piperazinepentanamide 

To a solution of the intermediate obtained in Step G (20 mg, 0.026 
10 mmol) in methanol (1 mL) was added 1 M HCl in ethyl ether (0.52 mL, 0.52 mmol). 
The reaction mixture was stirred at room temperature and progress of reaction was 
monitored by HPLC. After 7 hours the mixture was neutralized by 2 M ammonia in 
methanol. The solvent was removed in vacuo. The mixture was diluted with 
chloroform and washed with 1 N NaOH. The aqueous layer was extracted with 
15 chloroform three times. The organic layers were combined, dried over anhydrous 

sodium sulfate, filtered and concentrated in vacuo. The crude product was purified by 
flash column chromatography with 6 % methanol/chloroform as the eluant to give the 
title compound as a white solid. iH NMR (CDCI3, 300 MHz): 9.15 (bs, NH. IH), 

8.46 (s, IH), 8.40 (m, 2H), 7.63 (m, 2H). 7.41-7.35 (m, 2H), 7.30-7.25 (m. IH), 7.16- 
20 7.10 (m. 2H), 6.85-6.80 (m, 2H), 6,61 (m, IH), 6.31 (m, IH), 5.24 (m, IH), 4.20-2.36 
(m, 20H), 1.86 (m, IH), 1.52 (m. IH). LC-MS (M++1) (EI) 723. 

EXAMPLE 70 

(ot5,Y5,2S)-A^-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-4- 
25 [[5-(2-pyridinyl)-2-furanyl]methyl]-a-(2-thienylmethyl)-2-[[(2.2,2- 

trifluoroethyPaminolcarbonvll-l-piperazinepentanamide 
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Step A 



10 




To a solution of 2-broniothiophene (0.59 mL, 6.13 mmol). /-butyl 
acrylate (2.69 mL, 18.4 mmol) and triethylamine (4.27 mL, 30.7 mmol) in anhydrous 
acetonitrile (15 mL) was added palladium acetate (137.7 mg, 0.613 mmol) and 
tritolylphosphine (373.3 mg, 1.23 mmol). The Hask was sealed and heated at 100 oc. 
After 14 hours the reaction mixture was poured into brine and extracted with ethyl 
acetate three times. The organic layers were combined, dried over sodium sulfate, 
filtered and concentrated in vacuo. The crude product was purified by flash column 
chromatography on silica gel with 5 % ethyl acetate/hexane as the eluant to give the 
titled compound. iH NMR (CDCI3, 300 MHz): 7.58 (d, J = 16.3 Hz IH), 7.45 (m, 
IH), 7.36-7.27 (m, 2H), 6.20 (d. 7 = 16 Hz. IH), 1.56 (s, 9H). 



15 StepB 




\\ 



20 



To the intermediate prepared in Step A (1 1.9 g, 56.1mmol) in 
ethanol (400 mL) was added 10 % palladium on carbon (2.5 g). The reaction mixture 
was stirred under a hydrogen balloon and progress of reaction was monitored by NMR 
after mini-workup. After 14 hours 40 % conversion of starting material was observed. 
The reaction mixture was filtered through celite and concentrated in vacuo. The 
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resulting material was retreated with Pd/C (2.5 g) in ethanol under a hydrogen 
balloon. After 5 hours, another portion of Pd/C (1 g) was added. The reaction mixture 
was stirred overnight and filtered through celite. The filtrate was concentrated in 
vacuo to give the titled compound. iR NMR (CDCI3, 300 MHz): 7.12 (m, IH), 6.90 

5 (m, IHX 6.80 (m, IH), 3.10 (t, 2H), 2.78 (t, 2H), 1.40 (s, 9H). 
StepC 




To the intermediate prepared in Step B (6 g, 38.3 mmol) was added 
10 trifluoroacetic acid (100 mL) and stirred at room temperature for 30 min. The solvent 
was then removed in vacuo. The resulting product in methylene chloride (100 mL) 
was added aminochromanol (6.77 g, 33.9 mmol) prepared as in Example 1 Step L, 
EDC (7.02 g, 36.7 mmol). HOBt (4.97 mg, 36.7 mmol) and N,N- 
diisopropylethylamine (19,7 mL, 1 13.0 mmol). After 14 hours the reaction mixture 
15 was poured into water and extracted with methylene chloride three times. The organic 
layers were combined, dried over anhydrous sodium sulfate, filtered and concentrated 
in vacuo. The crude product was purified with flash column chromatography on silica 
gel with 75 % ethyl acetate/hexane as the eluant to give the titled compound. iH 
NMR (CDCI3. 300 MHz): 7,17 (m. 2H). 6.98-6.80 (m. 5H), 5.97 (bs, NH. IH), 5.28 

20 (m, IH), 4.18-4.08 (m, 3H), 3.27 (m, 2H). 2.65 (m, 2H). 
StepD 
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To the intermediate obtained in Step C (8.6 g, 28.4 mmol) in 
methylene chloride (400 mL) was added 2-methoxypropene (13.6 mL, 141.8 mmol) 
and camphorsulfonic acid (658 mg, 2,84 mmol). The reaction mixture was stirred at 
room temperature and progress of reaction was monitored by TLC. After half an hour 
5 the crude reaction mixture was poured into 1 N aqueous sodium hydroxide solution 
and the product was extracted with methylene chloride three times. The organic layers 
were combined, washed with brine, dried over anhydrous sodium sulfate, filtered and 
concentrated in vacuo. The crude product was purified by flash column 
chromatography on silica gel with 30 % ethyl acetate/hexane as the eluant to give the 
10 titled compound. iH NMR (CDCI3. 300 MHz): 7.17-7.06 (m, 3H), 6.95-6.85 (m. 

4H), 4.96 (m, IH), 4.44-4.40 (m, 2H), 4.19 (m. IH), 3.55 (m, 2H), 3.00 (m, 2H), 1.66 
(s,3H),1.61(s,3H). 

StepE 



15 




To a solution of intermediate prepared in Step D (4.09 g, 1 1.9 mmol) 
in anhydrous tetrahydrofuran (100 mL) at -25 oc was added allylbromide (1.24 mL. 
14.3 mmol) followed by 1.0 M lithium bis(trimethylsilyl)amide in THF (14.3 mL, 
14.3 mmol). The reaction mixture was stirred at -25 oc and progress of reaction was 

20 monitored by TLC. After 30 min the reaction was quenched with water and warmed 
up to room temperature. The crude reaction mixture was extracted with ethyl acetate 
three times. The organic layers were combined, dried over anhydrous sodium sulfate, 
filtered and concentrated in vacuo. The crude product was purified by flash column 
chromatography on silica gel with 1:4 ethyl acetate/hexane as the eluant to give the 

25 titled compound as a white solid. iH NMR (CDCI3, 300 MHz, mixture of rotamers 
Rl and R2 3:1 ratio): 7.70 (m, 0.25H, R2), 7.22-6.78 (m. 5.25H), 6.59 (t, 0.75H, Rl), 
6.38 (d, 0.75H, Rl), 5.92-5.65 (m, 1.25H), 5.24-4.98 (m, 2.75H), 4.48-4.08 (m, 3H), 
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3.56-3.58 (in,0.75H), 3.38-3.18 (m, IH), 3.10-3.00 (m, IH), 2.83 (m, 0.25H), 2.48- 
2.30 (m, 2H), 1.72 (s, 2.25H. Rl), 1.38 (s. 0.75H, R2). 1.35 (s, 0.75H, R2), 1.30 (s. 
2.25H, Rl). 



5 Step F 




To the inlermediate prepared in Step E (3.72 g, 9.72 mmol) in ethyl 
acetate (150 mL) at 0 OC was added 0.5 M aqueous sodium bicarbonate solution (150 

10 mL) and A^-iodosuccinimide (4.59 mg, 20.4 mmol). The reaction mixture was allowed 
to gradually warm to room temperature and progress of reaction was monitored by 
HPLC. After 6 hours the reaction mixture was poured into aqueous sodium sulfite 
solution and extracted with ethyl acetate three times. The organic layers were 
combined, dried over anhydrous sodium sulfate, filtered and concentrated in vacuo. 

15 The resulting product was dissolved in ethyl acetate (130 mL) and sodium methoxide 
in methanol (25 wt. %» 3.3 mL) was added. The reaction mixture was stirred at room 
temperature and progress of reaction was monitored by TLC. After an hour the 
mixture was poured into saturated sodium bicarbonate solution and extracted with 
ethyl acetate three times. The combined organic layers were dried over anhydrous 

20 sodium sulfate, filtered and concentrated in vacuo. The crude product was purified by 
column chromatography on silica gel with 50 % ethyl acetate/hexane as the eluant to 
give the titled compound. iH NMR (CDCI3, 400 MHz, mixture of rotamers Rl and 

R2 3:1 ratio): 7.78 (m, 0.25H, R2), 7.21-6.81 (m, 5-25H), 6.65 (t, 0.75H, Rl), 6.50 (d, 
0.75H, Rl), 5.90 (d, J = 5.50 Hz, 0.25H, R2), 5.39 (d, J = 4.5 Hz, 0.75H, Rl), 4.47- 
25 4.09 (m. 3H), 3.622-3.56 (m, 0.75H, Rl), 3.25-3.30 (m, IH), 3.15-2.86 (m, 3H), 2.76- 
2.17 (m, 3H), 1.76-1.32 (m, 6H). 
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StepG 




The intermediate prepared as in Example 68 Step H (4 g, 10.6 mmol) 
was treated with 30 % TFA/methylene chloride (200 mL). The reaction mixture was 
5 stirred at room temperature for an hour. Then solvent was removed in vacuo. The 
reaction mixture was diluted with chloroform. Then 1 N NaOH was added to adjust 
the pH to 14 followed by extraction with chloroform three times. The organic layers 
were combined, washed with brine, dried over anhydrous sodium sulfate, filtered and 
concentrated in vacuo. To the resulting product (2.69 g, 9.12 mmol) in 

10 dichloroethane (50 mL) was added the intermediate prepared in Example 49, Step B 
(1.58 g, 9.12 mmol) followed by sodium triacetoxyborohydride (2.90 g, 13.7 mmol). 
The reaction mixture was stirred at room temperature overnight. Then solvent was 
removed in vacuo. The crude product was purified by column chromatography on 
silica gel with ethyl acetate as the eluant. The resulting intermediate (3.04 g, 6.71 

15 mmol) in methylene chloride (100 mL) was added 1,3-dimethylbarbituric acid (1.26 g, 
8.06 nmiol). After stirring at room temperature for 5 min, Pd(PPh3)4 (388 mg, 0.336 
nunol) was added. The reaction mixture was stirred at room temperature and progress 
of reaction was monitored by TLC. After an hour the mixture was poured into 1 N 
NaOH extracted with methylene chloride three times. The organic layers were 

20 combined, dried over anhydrous sodium sulfate, filtered and concentrated in vacuo. 
The crude reaction mixture was purified by flash column chromatography on silica gel 
with 10 % methanol/ethyl acetate as the eluant to give the titled compound. iR NMR 
(CDCI3, 300 MHz): 8.58 (m, IH), 7.69 (m. 2H), 7.16 (m, IH), 6.98 (d, 7= 3.33 Hz, 
IH), 6.36 (d, J = 3.36 Hz, IH), 4.05-3.64 (m, 5H), 3.52 (bs, NH, IH), 3.04-2.87 (m, 

25 3H), 2.66-2.44 (m,3H). 



StepH (oc5,Y5,25)-7V-((35,4S)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)- 
Y-hydroxy-4-[[5-(2-pyridinyl)-2-furanyl]methyl]-a-(2-thienylmethyl)- 
2-fr(2,2>2-trifluor oethvl)amino1carbonvll-l-Diperazinepentanamide 
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The intermediate prepared in Step F (867 mg, 2.17 mnnol) and the 
intermediate prepared in Step G (800 mg, 2.17 mmol) in methanol (15 mL) was 
heated to reflux overnight. Then solvent was removed in vacuo. The crude reaction 
5 mixture was purified by flash column chromatography on silica gel with ethyl acetate 
as the eluant. The resulting product (1.33 g, 1.77 mmol) in methanol (70 mL) was 
added IN HCl in ethyl ether (26 mL, 26 mmol). The reaction mixture was stirred at 
room temperature and progress of reaction was monitored by HPLC. After 10 hours 
the mixture was neutralized by anmionium hydroxide in methanol. Then solvent was 

10 removed in vacuo. The mixture was diluted with chloroform and washed with 1 N 
NaOH. The aqueous layer was extracted with methylene chloride three times. The 
organic layers were combined, dried over anhydrous sodium sulfate, filtered and 
concentrated in vacuo. The crude product was purified by flash column 
chromatography with 4 % methanol/ethyl acetate as the eluant to give the titled 

15 compound as a white solid. iH NMR (CDCI3, 300 MHz): 9.15 (bs, NH, IH), 8.60 

(m, IH), 7.75-7.60 (m, 2H), 7.20-7.08 (m, 4H), 6.99-6.79 (m, 4H), 6.40 (m, IH), 6.23 
(m, IH), 5.22 (m, IH), 4.18-3.77 (m, 8H), 3.39-3.18 (m. 2H), 3.05-2.42 (m, lOH). 
1.9M.52 (m, 2H). LC-MS (M++1) (EI) 728. 

20 EXAMPLE 71 

(0t5,Y5,25)-A^-((35,45^-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl)-Y-hydro 
[[5-(5-pyrimidinyl)-2-furanyl]methyl]-a-(5-thienylmethyl)-2-[((2,2,2- 
trifluoroeth vDaminolcarbon vlV 1 -piperazinepentanamide 



25 

Step 
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The intermediate prepared as in Example 68 Step (3 g, 7.95 nunol) was 
treated with 30 % TFA/methylene chloride (150 mL). The reaction mixture was 
stirred at room temperature for an hour. Then solvents were removed in vacuo. The 
5 reaction mixture was diluted with chloroform. 1 N NaOH was added to adjust the pH 
to 14 followed by extraction with chloroform three times. The organic layere were 
combined, washed with brine, dried over anhydrous sodium sulfate, filtered and 
concentrated in vacuo. To the resulting product (1.95 g, 6.61 mmol) in dichloroethane 
(25 mL) was added Uie inteimediate prepared as in Example 16 Step B (1.15 g, 6.61 
10 mmol) followed by triethylamine (1 .84 mL, 1 3.2 mmol) and sodium 

triacetoxyborohydride (2.10 g. 9.91 mmol). The reaction mixture was stirred at room 
temperature overnight. Then solvent was removed in vacuo. The crude product was 
purified by colunm chromatography on silica gel with 5 % methanol/ethyl acetate as 
the eluant. The resulting intermediate (328 mg, 6.71 nmiol) in methylene chloride (80 

15 mL) was added 1 ,3-dimethylbarbituric acid (136 g, 0.87 mmol). After stirring at room 
temperature for 5 min, Pd(PPh3)4 (42 mg, 0.036 mmol) was added. The reaction 
mixture was stirred at room temperature and progress of reaction was monitored by 
TLC. After an hour the mixture was poured into IN NaOH and extracted with 
methylene chloride three times. The organic layers were combined, dried over 

20 anhydrous sodium sulfate, filtered and concentrated in vacuo. The crude reaction 
mixture was purified by flash column chromatography on silica gel with 10 % 
methanol/ethyl acetate with 0.1 % ammonium hydroxide as the eluant to give the 
titled compound. 1h NMR (CDCI3, 300 MHz): 9.08 (s. IH), 8.98 (s, 2H), 7.62 (bs, 
NH, IH), 6.79 (d, IH), 6.38 (d, IH), 4.00-3.80 (m. 2H), 3.67 (s, 2H). 3.52 (m, IH), 

25 3.02-2.84 (m, 3H), 2.68-2.38 (m, 3H). 

Step B (cc5,Y5,25)-;V-((3S,45)-3,4-dihydro-3-hydroxy-2//- 1 -benzopyran-4-yl)- 

Y-hydroxy-4-[[5-(5-pyrimidinyl)-2-furanyl]methyl]-a-(5- 
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thienylmethylV2 -rff2.2.2-trifluoroethvnaminolcarbonvn-l- 
piperazinef}entanamide 

The intermediate prepared in Step A (187 mg, 0.51 mmol) and the 
5 intermediate prepared as in Example 70 Step G ( 202 mg, 0.51 mmol) in methanol 
(3.5 mL) were heated to reflux overnight. Then solvent was removed in vacuo. The 
crude reaction mixture was purified by flash column chromatography on silica gel 
with 3 % methanol/ethyl acetate as the eluant. The resulting product (156 g, 0.20 
mmol) in methanol (8 mL) at OOC was added 1 M HCl in ethyl ether (3.0 mL, 3.0 

10 mmol). The reaction mixture was allowed to warm up to room temperature and 
progress of reaction was monitored by HPLC. After 14 hours the mixture was 
neutralized by ammonium hydroxide in methanol. Then solvent was removed in 
vacuo. The mixture was diluted with chloroform and washed with 1 N NaOH. The 
aqueous layer was extracted with chloroform three times. The organic layers were 

15 combined, dried over anhydrous sodium sulfate, filtered and concentrated in vacuo. 
The crude product was purified by flash column chromatography with 8 % 
melhanol/chloroform as the eluant to give the titled compound as a white solid. iH 
NMR (CDCI3, 300 MHz): 9.10 (s, IH), 8.96 (s, 2H), 8.92 (bs, NH, IH), 7.16-7.08 (m, 

3H), 6.94-6.78 (m, 4H). 6.40 (d, J = 3.36 Hz, IH), 6.22 (d, J = 8.02 Hz, IH), 5.22 (m, 
20 IH), 4.15-3.92 (m, 4H), 3,35-3.17 (m. 2H), 3.05-2.42 (m, lOH), 1.92-1.52 (m, 2H). 
LC-MS(M++1)(EI)729. 

EXAMPLE 72 

(cxS,Y5,2S)-iV-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-4- 
25 [[5-(2-pyridinyl)-2-furanyl]methyl]-a-(3-thienylmethyl)-2-[[(2,2.2- 

trifluoroethvl)aminolcarbonvn-l-piperazinepentanamide 
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Step A 




To a solution of 3-bromothiophene (0.58 mL, 6.13 mmol), r-butyl 
5 acrylate (2.70 mL, 18.4 mmol) and triethylamine (4.27 mL. 30.7 mmol) in anhydrous 
acetonitrile (15 mL) was added palladium acetate (137.7 mg, 0.613 mmol) and 
tritolylphosphine (373.3 mg, 1.23 mmol). The flask was sealed and heated at 100 oc. 
After 14 hours the reaction mixture was poured into brine and extracted with ethyl 
acetate three times. The organic layers were combined, dried over sodium sulfate, 
10 filtered and concentrated in vacuo. The crude reaction mixture was purified by flash 
column chromatography on silica gel with 5% ethyl acetate/hexane as the eluant to 
give the titled compound. iH NMR (CDCI3, 300 MHz): 7.57 (d, 7 = 15 Hz, IH), 7.46 
(m, IH), 7.34-7.27 (m, 2H), 6.20 (d, 7= 16.3 Hz, IH), 1.54 (s, 9H). 

15 Step B 
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This intermediate was prepared by the same method described in 
Example 70. iH NMR (CDCI3, 300 MHz, mixture of rotamers Rl and R2 3:1 ratio): 

7.72 (m, 0.25H, R2), 7.32-6.78 (m, 5.25H), 6.62 (t, 0.75H, Rl), 6.36 (d, 0.75H, Rl), 
5.94-5.65 (m, 1.25H), 5.20-4.99 (m, 2.75H), 4.45-4,06 (m, 3H), 3.38-3.12 (m, 2H), 
5 2.90-2.72 (m, IH), 2.45-2.25 (m, 2H), 1.72 (s, 2.25H, Rl), 1.36 (s, 0.75H, R2), 1.27 
(s. 2.25H, Rl), 1.5 (s, 0.75H, R2). 

StepC 




To the intermediate prepared in Step B (2.35 g, 6.12 mmol) in ethyl 
acetate (94 mL) at 0 was added 0.5 M aqueous sodium bicarbonate solution (94 
mL) and iV-iodosuccininaide (2.89 mg, 12.8 mmol). The reaction mixture was allowed 
to gradually warm to room temperature and progress of reaction was monitored by 

15 HPLC. After 6 hours the reaction mixture was poured into aqueous sodium sulfite 
solution and extracted with ethyl acetate three times. The organic layers were 
combined, dried over anhydrous sodium sulfate, filtered and concentrated in vacuo. 
The resulting product was dissolved in ethyl acetate (90 mL) and sodium methoxide 
in methanol (25 wt. %, 2 mL) was added. The reaction mixture was stirred at room 

20 temperature and progress of reaction was monitored by TLC. After an hour the 
mixture was poured into saturated sodium bicarbonate solution and extracted with 
ethyl acetate three times. The combined organic layers were dried over anhydrous 
sodium sulfate, filtered and concentrated in vacuo. The crude titled product was 
purified by column chromatography on silica gel with 50 % ethyl acetate/hexane as 

25 the eluant to give the titled compound. iH NMR (CDCI3, 400 MHz, mixture of 

rotamers Rl and R2 3:1 ratio): 7.78 (m. 0.25H, R2), 7.34-6.80 (m, 5.25H), 6.67 (t, 
0.75H, Rl), 6.46 (d, 0.75H. Rl), 5.88 (d, 0.25H. R2), 5.38 (d, 0.75H, Rl), 4.48-4.09 
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(m, 3H), 3.46-3.34 (m, 2H), 3.19-2,46 (m, 5H), 2.30-2.18 (m, IH), 2.76-2.17 (m, 3H), 
1.77 (s, 2.25 H, Rl). 1.46 (s, 0.75 H, R2). 1.39 (s, 0.75 H, R2), 1.32 (s, 2.25H, Rl). 

StepD (cx5,Y5,25)-iV-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yI)- 
5 Y-hydroxy-4-[[5-(2-pyridinyI)-2-furanyl]inethyl]-a-(3-thienylmethyl)- 
2-rr(2.2-2- trifluorocthvl)amino1carbonvll-l-piperazinepentanamide 

The intermediate prepared in Step C (548 mg, 1.37 mnnol) and the 
intermediate prepared as in Example 70 Step G (506 mg, 1.37 mmol) in methanol (8 

10 mL) was heated to reflux overnight. Then solvent was removed in vacuo. The crude 
reaction mixture was purified by flash column chromatography on silica gel with ethyl 
acetate as the eluant. The resulting product (950 g, 1.26 mmol) in methanol (50 mL) 
was added 1 M HCl in ethyl ether (18.5 mL, 18.5 mmol). The reaction mixture was 
stirred at room temperature and progress of reaction was monitored by HPLC. After 9 

15 hours the mixture was neutralized by ammonium hydroxide in methanol. Then solvent 
was removed in vacuo. The mixture was diluted with chloroform and washed with 1 
N NaOH. The aqueous layer was extracted with methylene chloride three times. The 
organic layers were combined, dried over anhydrous sodium sulfate, filtered and 
concentrated in vacuo. The crude product was purified by flash column 

20 chromatography with 8 % methanol/chloroform as the eluant to give the titled 

compound as a white solid. iH NMR (CDCI3, 400 MHz): 9.17 (bs, NH, IH), 8.61 
(m, IH), 7.74 (m, IH), 7.64 (d, J = 7.8 Hz, IH). 7.21-6.81 (m, 6H). 6.83 (m, 2H), 6.40 
(d, y = 3.3 Hz, IH), 6.18 (d, 7 = 8.8 Hz, IH), 5.21 (m, IH). 4.20-3.58 (m, 9H), 3.35 
(m, IH), 3.07-2.41 (m, lOH), 1.86 (m, IH), 1.56 (m, IH). LC-MS (M++1) (EI) 728. 

25 

EXAMPLE 73 

(a/?,Y5,25)-A^-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4.yl)-Y'hydroxy-4- 
[(5-phenyl-2-furanyl)methyl]-a-(2-pyridinylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]- 
carbonvll-I-piperazinepcntanamide 
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Step A 




O 



5 To a solution of 2-broTnopyridine (0.60 mL, 6.33 mmol), r-butyl 

acrylate (4.6 mL, 31.6 mmol) and triethylanaine (4.4 mL, 31.6 mmol) in anhydrous 
DMF (20 mL) was added palladium acetate (71 mg, 0.316 mmol) and 2-(di-f- 
butyIphosphino)biphenyI (189 mg, 0.633 mmol). The flask was sealed and heated at 
120 oC. After 14 hours the reaction mixture was poured into water and extracted with 
10 ethyl acetate. The organic layer was dried over sodium sulfate, filtered and 

concentrated in vacuo. The crude reaction mixture was purified by flash column 
chromatography on silica gel with 15 % ethyl acetate/hexane as the eluant to give the 
titled compound. iH NMR (CDCI3, 300 MHz): 8.62 (d, J = 4.76 Hz, IH), 7.67 (m, 

IH), 7.58 (d, 7= 15.81, IH). 7.41 (d, J = 7.82 Hz, IH). 7.22 (m. IH), 6.81 (d, / = 
15 15.72 Hz, IH), 1.52 (s,9H). 

StepB 




To the intermediate prepared in Step A (5.52 g, 26.6 mmol) and 
20 triethylamine (7 mL) in ethanol (250 mL) was added 10 % palladium on carbon (1 g). 
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The reaction mixture was stirred under a hydrogen balloon and progress of reaction 
was monitored by HPLC. After 4 hours the reaction mixture was filtered through 
celite and the filtrate was concentrated in vacuo to give the titled compound. iH NMR 
(CDCI3, 300 MHz): 8.72 (d, IH), 7.60 (m, IH), 7.18 (d, IH), 7.10 (m, IH), 3.08 (t, 

5 2H), 2.70 (t, 2H). 1 .42 (s, 9H). 
StepC 




To the intermediate prepared in Step B (4.0 g, 26.6 mmol) was added 
10 trifluoroacetic acid (200 mL) and stirred at room temperature for an hour. Then 

solvent was removed in vacuo. The resulting product in methylene chloride (100 mL) 
was added aminochromanol (6.4 g, 26.7 mmol) prepared as in Example 1 Step L, 
EDC (6.63 g, 34.7 nnmol), HOBt (4.68 g, 34.7 mmol) and MA^-diisopropylethylamine 
(18 mL, 106.7 mmol). The reaction mixture was stirred at room temperature 
15 overnight. A white precipitate of the titled compound was formed. The precipitated 
product was collected by filtration. The filtrate which also contained product was 
washed with water, dried over anhydrous sodium sulfate, filtered and concentrated in 
vacuo, IH NMR (CDCI3, 300 MHz): 8.20 (d, IH), 7.64 (t, IH), 7.25-7,06 (m, 3H). 

6.90-6.80 (m, 3H), 5.26 (m, IH), 4.20-4.16 (m, 3H), 3.19 (m, 2H), 2.78 (t, 2H). 

20 

Step D 
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To the intermediate prepared in Step C (6.9 g, 23.1 mmol) in 
methylene chloride (400 mL) was added 2-methoxypropene (11.1 mL, 1 15.6 mmol) 
and camphorsulfonic acid (10.8 g, 46.3 mmol). The reaction mixture was stirred at 
room temperature and progress of reaction was monitored by TLC. After half an hour 
5 the crude reaction mixture was poured into 1 N NaOH and extracted with ethyl 

acetate three times. The organic layers were combined, washed with brine, dried over 
anhydrous sodium sulfate, filtered and concentrated in vacuo. The crude product was 
purified by flash column chromatography on silica gel with ethyl acetate as the eluant 
to give the titled compound as a white solid. iH NMR (CDCI3, 300 MHz» mixture of 

10 rotamers Rl and R2 2:1 ratio): 8.52 (m, 0.67H, Rl), 8.25 (m, 0.37H, R2), 7.60 (m, 
IH). 7.48 (m, 0.37H, R2), 7.06 (m, 2H), 6.95-6.80 (m, 2H), 5.80 (m, 0.37H). 5.20 (m, 
0.67H), 4.25-4.15 (m, 3H). 4.18 (m, IH), 3.30-2.88 (m. 4H), 1.70 (s, IH, R2), 1.52 (s. 
2H, Rl), 1.38 (m, IH, Rl), 1.26 (s, 2H, R2). 

15 StepE 




To a solution of intermediate prepared in Step D (3.74 g, 1 1.1 mmol) 
in anhydrous tetrahydrofuran (100 mL) at -25 OC was added allylbromide (1.15 mL, 
13.3 mmol) followed by 1.0 M lithium bis(trimethylsilyl)amide in THF (13.3 mL, 

20 13.3 mmol). The reaction mixture was stirred at -25 OC and progress of reaction was 
monitored by TLC. After half an hour the reaction was quenched with water and 
warmed up to room temperature. The crude reaction mixture was extracted with ethyl 
acetate three times. The organic layers were combined, dried over anhydrous sodium 
sulfate and concentrated in vacuo. The crude product was purified by flash column 

25 chromatography on silica gel with 1:1 ethyl acetate/hexane as the eluant to give the 
titled compound as a white solid. NMR (CDCI3, 400 MHz, mixture of rotamers 

Rl and R2 2 : 1 ratio): 8.65 (d, 0.67H, Rl), 8.53 (d, 0.37H), 7.73-7.59 (m, 1.37H), 
7.25 -7.08 (m, 3H), 6.92-6,60 (m, 2.67H), 5.97-5.70 (m, 1.37H), 5.23-5.00 (m, 
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2.67H). 4.48-4.07 (m, 4HX 3.68(m, 0.67H), 3.50-3.20 (m, 13H). 3.02 (m, IH), 2.52- 
2.23 (m. 2H), 1.70 (s, 2H, Rl), 1.24 (s, IH, R2), 1.22 (s. IH, R2). 1.20 (s, 2H). 

StepF 



O 



5 




To the intermediate prepared in Step E (3.4 g, 9.0 mmol) in 
tetrahydrofuran (50 mL) and water (50 mL) at 0 oc was added iodine (9.1 g, 35.9 
mmol) and methanesulfonic acid (1.16 mL, 17.9 mmol). The reaction mixture was 

10 allowed to gradually warm to room temperature. After 14 hours the reaction mixture 
was poured into aqueous sodium sulfite solution and extracted with methylene 
chloride three times. The organic layers were combined, dried over anhydrous sodium 
sulfate, filtered and concentrated in vacuo. The crude titled product was purified by 
flash column chromatography on silica gel with 60 % ethyl acetate/hexane as the 

15 eluant. iH NMR (CDCI3, 400 MHz): 8.54 (m, IH), 7.63 (m, IH), 7.21-7.16 (m, 2H), 
4.52 (m, IH). 3.38-3.26 (m, 4H), 3.09-3.03 (m, IH), 2.35-2.19 (m, 2H). 

StepG 



O 




20 To the intermediate prepared in Step F (686 mg, 2.16 mmol) and the 

intermediate prepared as in Example 68 Step G (1.2 g, 3.25 mmol) in DMF (8 mL) 
was added iV,A^-diisopropylethylamine (0.57 mL, 3.25 mmol). The reaction mixture 
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was heated to 75 OC for 36 hours. The reaction mixture was poured into water and 
extracted with ethyl acetate three times. The organic layers were combined, washed 
with water and brine, dried over anyhydrous sodium sulfate, filtered and concentrated 
in vacuo. The crude reaction mixture was purified by flash column chromatography 
on silica gel with 2 % methanol/ethyl acetate as the eluant to give the titled 
compound. iH NMR (CDCI3, 300 MHz): 8.51 (m, IH), 7.64-7.58 (m, 3H). 7.40-7.34 

(m, 2H), 7.27 (m, IH), 7.18-7.14 (m, 2H), 6.57 (d, 7 = 3.20 Hz. 1H),6.28 (d, 7 = 3.12 
Hz, IH), 4.49 (m, IH), 3.68-3.21 (m, 7H), 3.00-2.51 (m, 9H), 2.12-2.04 (m, 2H). 



10 StepH 




OTBSf N OH 
I I I I H 



HN-^O 




To a solution of the intermediate obtained in Step G (530 mg, 1.00 
mmol) in DME (20 mL) was added 1 M LiOH aqueous solution (1.20 mL, 1.20 

15 mmol). The reaction mixture was stirred at room temperature. After 14 hours solvent 
was removed by vacuo. The resulting intermediate in ethyl acetate (20 mL) was added 
MA^-diisopropylethylamine (0.868 mL, 4.99 mmol) followed by TBSOTf (0.802 mL, 
3.50 mmol). The reaction mixture was stirred at room temperature and progress of 
reaction was monitored by TLC. After an hour the crude reaction mixture was 

20 concentrated with silica gel (2 g) in vacuo and passed through flash column 

chromatography with ethyl acetate as the eluant. Then the resulting product in 1:1 
THF/H2O solution was stirred at room temperature. After 14 hours the reaction 

mixture was extracted with ethyl acetate. The organic layer was dried over anhydrous 
sodium sulfate, filtered and concentrated in vacuo. To the resulting intermediate in 
25 DMF (8 mL) was added aminochromanol prepared as in Example 1 Step L (165 mg, 
1.08 mmol), EDC (281 mg, 1.47 nrmiol) and HOBt (199 mg, 1.47 mmol). The reaction 
mixture was stirred at room temperature. After 14 hours the mixture was poured into 
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water and extracted with ethyl acetate. The organic layer was dried over anhydrous 
sodium sulfate, filtered and concentrated in vacuo. The crude product was purified by 
flash column chromatography with ethyl acetate as the eluant to give the titled 
compound. iR NMR (CDCI3, 400 MHz): 8.41 (m, IH), 7.66-7.61 (m, 3H), 7,39 (m, 

5 2H), 7.29-7.14 (m, 4H), 6.95-6.87 (m, 2H), 6.59 (m, 2H), 6.29 (d, IH), 5.23 (m, IH), 
4.25-2.57 (m, 19H), 2.34-2.24 (m, 2H), 1.36 (m, IH). LC-MS (M++1) (EI) 838. 



Step I (a/?,Y5,25)-A^-((35,4S)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)- 
Y-hydroxy-4-[(5-phenyl-2-furanyl)methyl]-a-(2-pyridinylmethyl)-2- 

10 rf(2.2,2- trifluoroethvnamino1-carbonvn-l-piperazinepentanamide 

To the intermediate prepared in Step H (100 mg, 0. 12 mmol) in THF 
(8 mL) was added HF/pyridine (0.36 mL). The reaction mixture was stirred at room 
temperature. After 14 hours the mixture was poured into IN NaOH solution and 
extracted with ethyl acetate three times. The organic layers were combined, dried over 

15 anhydrous sodium sulfate, filtered and concentrated in vacuo. The crude product was 
purified by flash column chromatography with 5 % methanol/ethyl acetate, ^H NMR 
(CDCI3, 400 MHz, mixture of diastereomers Dl and D2 3:2 ratio): 9.21 (bs, NH, 

0.4H, D2), 9.15 (bs, NH, 0.6H, Dl), 8.53 (d, 0.4H, D2), 8,45 (d, 0.6H, Dl), 7.65 (m, 
3H), 7.40 (m, 2H), 7.30-7.12 (m, 4H), 6,88-6.78 (m, 2H), 6.60 (m, 2H), 6.34 (m. IH), 
20 5.25 (m, 0.6H, Dl). 5.08 (m, 0.4H, D2), 4.30-4.10 (m, 4H), 3.84-2.40 (m, 17H), 1.90 
(m, IH), 1.50 (m, IH). LC-MS (M++1) (EI) 722. 



EXAMPLE 74 

(aR,Y5»25)-A^-((15,2/?)-l,2-dihydro-2-hydroxy-l//-inden-l-yl)- 
25 Y-hydroxy-a-(phenylmethyl)-4-[[5-(2-pyridinyl)-2-furanylJmethyl]-2-[[(2,2,2- 
trifluoroethyDaminolcarbonvn-l-piperazinepentanamide 
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Step A: 




5 To a stirred solution of the piperazine prepared as in Example 12 Step 

B (11.3g; 33.4 mmol) in IPA (54 mL) was added the triflate (6.95g; 22.3 mmol) 
prepared as in Example 35, Step E followed by DIEA (5.8 mL; 33.4 mmol). The 
reaction was aged approximately 4.5 hours, then the solvent was removed in vacuo. 
The remainder was poured in EtOAc and washed with water and brine. After drying 
10 (Na2S04), filtration and removal of the solvent in vacuo, purification employing flash 

chromatography (50% EtOAc/hex) provided of the desired lactone. iH NMR(400 
MHz, CDCI3) 5 1.45 (s. 9H), 1.85-1.95 (m, IH), 2.05-2.15 (m, IH), 2.35-2.45 (m. 

IH), 2.52-2.68 (complex m, 2H), 2.79-2.95 (complex ra, 2H), 3.03-3.21 (complex m, 
5H), 3.65-3.82 (complex m, 2H), 3.91-3.98 (m, IH), 4.03-4.17 (m, IH), 4.84-4.90 (m, 
15 IH), 6.95 (broad s, IH), 7.18-7.37 (complex m. 5H). 

Step B: 
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To a solution of the lactone from above (9.98g; 20.0 mmol) in 
anhydrous DME (110 mL) cooled to 0 °C was added dropwise an aqueous solution of 
LiOH (23.0 mL; 22.0 mmol). The reaction was stirred 3 hours following the removal 
5 of the ice bath. The solvents were removed in vacuo at no greater than 35 °C and the 
residue azeotroped from benzene and MeCN until a foam was obtained. This solid 
was dissolved in dry DMF (55 mL). Imidazole was added (27.2g; 400 mmol), and the 
resulting solution cooled to 0 ""C. TBMSCl (30. Ig; 200 mmol) was then added to the 
reaction, the ice bath removed, and the mixture allowed to stir at ambient temperature. 
10 After 21 hours the mixture was poured into EtOAc (700 mL) and Et20 (300 mL). 
After washing with dilute NaHC03, H2O, and brine, drying (Na2S04), filtration, 

removal of solvent in vacuo provided a mixture of mono- and bis-protected 
intermediate. This ester/acid mixture was dissolved in THF (200 mL) / H2O (75 mL) 

and stirred 1.5 hours. Solvents were removed in vacuo and the residue azeotroped 
15 from toluene and MeCN. The residue was then taken up in DCM, dried (MgS04), 

filtered, and volatiles removed in vacuo to provide the acid, which was used without 
further purification. To a stirred solution of approximately 1.36 mmol of the acid 
intermediate in anhydrous NMP (25 mL) at 0 °C was added DEEA (0.711 mL; 4.08 
mmol). The following solids were then added sequentially, waiting until complete 

20 dissolution of solid occurred before adding the next: HOBt (414 mg; 3.06 mmol); cis- 
aminoindanol (243 mg; 1.63 mmol); and HBTU (774 mg; 2.04 mmol). The solution 
was allowed to stir at ambient temperature 2.75 hours. The reaction was poured into 
EtOAc; washed with dilute NaHCOs solution. H2O and brine; dried (MgS04), 
filtered, and concentrated in vacuo. Purification by Biotage column chromatography 

25 (40M; 40% EtOAc/hexane) provided the desired compound contaminated with -10% 
of the undesired diastereomer, which was used without further purification. 
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The coupled intermediate was dissolved in anhydrous THF (4.6 mL), 
and TBAF (1.05 mL; 1.05 mmol) was added. The solution was heated to 50 ""C. After 
16 hours, the reaction was poured into EtOAc/Et20 and washed with dilute NaHC03, 
H2O and brine. Drying (MgS04), filtration, and removal of solvent in vacuo was 
5 followed by Biotage column chromatography (40S; 85% EtOAc/hexane) and then by 
flash column chromatography (5% MeOH/DCM) to provide white solid. 

To a stirred solution of this Boc-protected intermediate in anhydrous 
DCM (2.8 mL) cooled to 0 °C was added TFA (1.2 mL). The ice batch was removed 
and the solution stirred L75 hours. Volatiles were removed in vacuo and the residue 
10 azeotroped from DCM. This residue was dissolved in EtOAc and washed with 20% 
NH4OH, 50% brine, brine, dried (MgS04), filtered, and solvents removed in vacuo to 

provide the desired amine as an off-white solid which was used without further 
purification. 

15 Step C (aR,yS,2S)- iV-((15,2/?)-l ,2-dihydro-2-hydroxy-lH-inden-l-yl)- 

Y-hydroxy-a-(phenylmethyl)-4-[[5-(2-pyridinyl)-2-furanyl]methyl]-2- 
fr(2,2,2-trifluoroethvnamino1carbonvn-l-piperazinepentanamide 

From the aldehyde as obtained in Example 49, Step B (46.0 mg; 0.27 
20 nmiol), penultimate intermediate as obtained above (100.0 mg; 0. 18 nwnol) and 
NaBH(OAc)3 (57.0 mg; 0.27 mmol) in anhydrous DMF (1.5 mL) following the 

general reductive amination procedure as described for Example 53, Step E was 
obtained the desired compound. iH NMR(400 MHz, CD3OD) 5 1..39 (m, IH), 2.03 

(m, IH), 2.32-2.45 (complex m, 3H), 2.51 (m, IH), 2.60 (m, IH), 2.70-2.87 (complex 
25 m, 4H), 2.95-3.11 (complex m, 5H), 3.69 (s, 2H), 3.71-3.80 (complex m, 2H), 3.90- 
3.99 (complex m, IH), 4.32 (m, IH), 5.19 (d, J=5.1 Hz, IH), 6.48 (d, J=3.3 Hz, IH), 
7.06 (d, J=3.3 Hz, IH), 7.11-7.28 (complex m, 9H), 7.77 (m, IH), 7.84 (apparent td, 
J=1.6, 7.5 Hz, IH), 8.49 (apparent d, J=4.8 Hz, IH); electrospray ionization mass 
spectrum: m/e 706.5 (MH+ calcd for C38H43F3N5O6. 706.3), 

30 

EXAMPLE 75 

(aR,Y5,25)-4-[[5-(5-chloro-2-pyridinyl)-2-furanyl]methyl]-A^-((15,2/?)-l,2-dihyd^^^ 
' hydroxy-lW-inden-l-yl)-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2-trifluoroethy])- 
aminolcarbonvll- 1 -piperazinepentanamide 

35 
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From a solution of the aldehyde obtained from Example 50, Step C (59 
mg; 0.285 mmol), penultimate intermediate from Example 74 Step A (103 mg; 0.19 
5 mmol), and NaHB(0Ac)3 (60 mg; 0.285 mmol) in anhydrous DMF (1 .2 mL) using 

the procedure from Example 46, Step F, the titled compound was obtained as a white 
solid after purification by flash column chromatography (3% to 3.5% MeOH/CH2Cl2 
gradient elution). iH-NMR (400 MHz, CD3OD): 5 1.39 (m, IH), 2.03 (m, IH), 2.32- 
2.45 (complex m, 3H), 2.51 (m, IH), 2.60 (m, IH), 2.70-2.87 (complex m, 4H), 2.95- 

10 3.1 1 (complex m, 5H), 3.69 (s, 2H), 3.71-3.80 (complex m, 2H), 3.90-3.99 (complex 
m, IH), 4.32 (m, IH), 5.19 (d, J=5.1 Hz, IH), 6.48 (d, J=3.3 Hz, IH), 7.06 (d, J=3.3 
Hz, IH), 7.11-7.28 (complex m, 9H), 7.74 (dd, J=0.6, 8.6 Hz, IH), 7.85 (dd, J=2.4, 
8.6 Hz, IH), 8.49 (m, IH); electrospray ionization mass spectrum: mJe 741.0 (MH+ 
calcd for C38H4lClF3N505^ 740.3). 

15 

EXAMPLE 76 

(a/?,Y5,25)-AK(3S,4S)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl)-Y-hydroxy-4- 
[l-methyl-l-[5-(5-chloro-3-pyridinyl)-2-oxazolyl]ethyll-a-(phenylmethyl)-2-[[(2,2,2 
trifluoroethyl)amino1carbonvl1-l-piperazinepentanamide 

20 
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Step A 




To a solution of 2,S-dichloropyridine (125 g, 845mmoI) and 2-niethyl- 
3-butyn-2-ol (107 noiL, l.lmol) in diethylamine (350 mmol, 3.4 mol) in a 3-neck 1 
liter round bottom flask was added copper iodide (125 mg, 0.63 mmol) and 
dichlorobis(triphenylphosphine)palladium(n) (1.75 g, 2.5 mmol). The reaction 

10 mixture was refluxed for 24 hours. After it was cooled to room temperature, it was 
filtered. The solid was washed with diethylamine twice (100 mL each time) and 
discarded. The filtrate and washes were combined and concentrated to give a dark 
brown residue which solidified after standing. This crude product was dissolved in 
toluene (11) and washed with water for 3 times (500 mL each time). Then water (500 

15 mL), tetrabutylammonium bromide (1.2 g) and sodium cyanide (12 g) was added. The 
mixture was stirred at room temperature for 24 hours. It was separated. The organic 
layer was dried over anhydrous sodium sulfate and concentrated to get the title 
compound as a brown oil, which was used in the next step without further 
purification. iR NMR (CDCL3, 400 Hz): 5 8.54 (d, J= 2.6 Hz, 1. H), 7,64 (dd, J=2.6. 

20 8.6 Hz, 1 H), 7.37 (d, J=8.6 Hz, 1 H), 1.65 (s, 6 H). LC-MS (M++1) (EI) 196.1 
StepB 
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O 




The acetylene form the previous step (150 g, 767 mmol) was dissolved 
in 2.5 mL of water in a 3-neck 4 liter round bottom flask with a mechanical stirrer. It 
was heated to.75 oC, and a hot water. bath was used to keep the reaction solution at 70 

5 -80 oc. Potasium permanganate (400 g, 2.53 mol) was added in small portions to 
keep the reaction mixture below 80 oc. The addition lasted 1.5 hours and HPLC 
showed that the acetylene was consumed after the addition. It was filtered The solid 
was washed with boiling water twice (100 mL each time) and discarded. The 
combined aqueous layer and washes was concentrated at 80 oC to about 1 liter. It was 

10 filtered again to remove any remaining manganese dioxide. The filtrate was cooled to 
room temperature and concentrated HCl was added until pH=3. It was stirred at room 
temperature for 1 hour to form a yellow precipitate. It was cooled to 0 oC and filtered. 
The solid was washed with cooled water for several times and dried under high 
vacuum overnight to give the title compound as a pale powder. iH NMR (CD3OD, 

15 400 Hz): 5 8.66 (d, J= 2.4 Hz, 1 H), 8.13 (d. J= 8.4 Hz, 1 H), 8.03 (dd, J=2.4, 8.4 Hz, 
1 H). LC-MS (M++1) (EI) 158.1 



StepC 



O 




20 To a solution of the carboxylic acid from the previous step (60g, 382 

mmol) and 4-methylmorpholine (84 mL, 764 mmol) in methylene chloride (1 1), at - 
20 OC, was added isobutylchloroformate (52 mL, 401 mmol). It was stirred at - 20 - - 
10 OC for 1 hour. Then, N,0-dimethylhydroxylamine hydrochloride (41 g, 420 nrniol) 
was added. The reaction solution was slowly warmed to room temperature, at which it 

25 was stirred for 6 hours. It was poured into 1 liter of water. The organic layer was 
washed with water (500 mL) and brine (500 mL), dried over anhydrous sodium 
sulfate, concentrated, and purified by flash column chromatography on silica gel with 
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hexanes / ethyl acetate = 2 / 1 as eluant to give the title compound as a slightly yellow 
oil, IH NMR (CDCI3, 400 Hz): 5 8.59 (s, IH), 7.78 (dd. J=2.4, 8.4 Hz. IH), 7.66 

(broad s, 1 H), 3.77 (s, 3 H). 3.42 (s, 3H). 
5 Step D 



O 




To a solution of the amide from the previous step (33.1 g, 165 mmol) 
in anhydrous THF (300 mL), at 0 oC, was added methylmagnesium bromide (1.4M 

10 solution, 355 mL, 497 mmol). The reaction solution was stirred at 0 oQ for 3 hours 
and poured into 800 mL of ice-water. Ethyl acetate was used to extract it ( 3 times, 
500 mL each time). The combined organic layers was dried over anhydrous sodium 
sulfate, concentrated, and purified by flash column chromatography on silica gel with 
hexanes / ethyl acetate = 3 / 1 as eluant to give the title compound as a white solid. iH 

15 NMR (CDCI3, 400 Hz): 8 8.63 (d, J=2.1 Hz, IH), 8.01 (d, J=8.2 Hz, IH), 7.81 

(dd,J=2.3. 8.4 Hz, 1 H), 2.72 (s, 3 H). LC-MS (M++1) (EI) 156.1 
StepE 




20 To a suspension of the acetylpyridine obtained as from the previous 

step (30 g, 193 nmiol) and hydroxyamine hydrochloride (16. Ig, 231 mmol) in ethyl 
alcohol (200 mL) was added sodium hydroxide powder (10 g, 250 mmol). The 
reaction mixture was refluxed for 8 hours to see that the starting material was 
consumed by LCMS. The solvent was vacuum removed. The residue was washed 

25 with cooled water for several times to give the title compound as a white solid. iH 
NMR (DMSO, 400 Hz): 6 8.61 -8.62 (m, 1 H), 7.84-7.91 (m, 2 H), 2.17 (s, 3 H). 
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StepF 




A solution of the oxime form the previous step (20 g, 117.2 mmol) and 
5 p-toluenesulfonyl chloride (28 g, 146.5 mmol) in pyridine (70 mL) was stirred at 
room temperature for 24 hours to form a brown precipitate. 500 mL of ice-cooled 
water added while stirring. The initially formed brown precipitate dissolved followed 
by the formation of a white precipitate. This precipitate was collected by filtration and 
washed with ice-cooled water for 4 times (200 mL each time). It was dried under high 
10 vacuum to constant weight to give the titled compound as a pale solid. iH NMR 
(CDCI3, 400 Hz): 5 8.55 (dd, J=0.8, 2,5 Hz. 1 H), 7.93 (d, J=8.4 Hz, 2 H), 7.79 (dd, 
J= 0.6, 8.0 Hz, 1 H), 7.67 (dd. J=2.4, 8.4 Hz, 1 H), 7.37 (d, J=8.0, .2 H), 2.46 (s, 3 H). 
2.43 (s. 3 H). LC-MS (M++1) (EI) 325.0, 152.7. 

15 Step G 




To a solution of potassium ethoxide (10.43 g, 121.1 mmol) in 30 mL 
anhydrous ethanol, at 0 oc, was added a solution of the tosylamide from the previous 
step (38.16 g, 1 17.6 mmol) in ethanol (500 mL) dropwise through a dropping funnel 

20 It was slowly warmed to room temperature at which it was stirred for 2 hours to form 
a white precipitate. It was diluted with 1 liter of anhydrous ether and filtered. The solid 
was washed with anhydrous ether (100 mL). To the combined filtrate and washes HCl 
gas was bubbled in for 1 hour to get a cloudy solution. It was concentrated. The 
residue was distributed between methylene chloride (500 mL) and saturated sodium 

25 carbonate (about 500 mL to get pH=12). The organic layer was concentrated to give 
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the crude product as dark red gum, which was used in the next step without further 
purification. LC-MS (M++1) (EI) 199.1. 

Step H 




To a solution of the carboxylic acid from the Example 66 Step D (1.5 
3.93 mmol) in DMF (10 mL) was added 0-benzoltriazoM-N,N,N' J^'- 
tetramethyluronium hexafluorophosphate (3.6 g, 9.44 mmol), l-hydroxybenzotriazol 
hydrate (1.3 g, 9.44 nunol) and diisipropylethylamine (3.4 mL, 19.7 mmol). It was 

10 stirred at room temperature for 30 minutes, and the aminoacetal from the previous 
step (1.2 g, 4.72 mmol) was added. After stirring at room temperature for 10 hours, 
the reaction solution was distributed between ethyl acetate (400 mL ) and water (400 
mL). The organic layer was washed with brine. It was dried over anhydrous sodium 
sulfate, concentrated and purified by flash column chromatography on silica gel with 

15 1/2 hexanes / ethyl acetate as eluant to give the title compound as a white solid. iH 
NMR (CDCI3, 400 Hz): 5 8.61 (t, J=1.6 Hz, 1 H), 7.66-7.71 (m. 2 H), 6.57 (broad s, 1 

H), 5.89- 5.99 (m, 1 H), 5.24-5.35 (m, 2 H). 4.65 (d, J=4.8 Hz. 3 H). 4.11-4.18 (m, 2 
H), 3.80-3.98 (m, 3 H). 3.54-3.68 (m, 3 H), 3.24-3.40 (m, 3 H), 2.82 (t, J=l 1.5 Hz, 1 
H), 2.52 (d, 1=10.2 Hz, 1 H), 2.27 (dd, J=4.0, 11.7 Hz, 1 H), 2.16 ( dt, J=4.0. 11.8 Hz, 
20 1 H), 1.17-1.29 (m,4 H), 1.10 (s. 3H). 1.03 (s, 3 H). 

Step I 
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CF3 

The acetai from the previous step (2.1 g, 3.45 mmol) was dissolved in 
THF (10 mL) and HCI (6 N, 10 inL) was added. The reaction solution was stirred at 
50 oc for 8 hours to see the acetai was consumed by TLC. It was diluted with 200 mL 
5 of ethyl acetate and 1 N sodium hydroxide solution was added until pH=12. The 
organic layer was dried over anhydrous sodium sulfate, concentrated and purified by 
flash column chromatography on silica gel with 2/1 ethyl acetate/hexanes as eluant to 
give the title compound as a colorless glass. iH NMR (CDCI3, 400 Hz): 6 8.65 (d, 

J=2.2 Hz, 1 H), 8.16 (broad s, 1 H), 7.97 (d, J=8.4 Hz, 1 H), 7.83 (dd, J=2.1. 8.4 Hz. 1 
10 H), 6.76 (broad s, 1 H), 5.88- 6.01 (m, 1 H), 5.28-5.37 (m, 2 H), 5.05 (dd, J=6.9, 20 
Hz, IH), 4.82 (s, 2 H), 4.6 (d, J=5.3 Hz, 2 H), 4.00-4.26 (m, 3 H), 3.64-3.74 (m, 2 H), 
3.25 (t, J=9.3 Hz, 1 H), 2.87 (d, J=11.0 Hz, 1 H), 2.43 (dd, J=3.5, 11.5 Hz, 1 H), 2.33 
(dt, J=3.3, 11.7 Hz, 1 H), 1.81 (broad s, 1 H), 1.68-1.71 (m, 1 H), 1.29 (s, 3 H), 1.28 
(s,3H). 

15 




The ketoamide from the previous step (1.01 g, 1.89 mmol) was 
20 dissolved in 7 mL of fuming sulfuric acid. It was stirred at 55 o c for 15 minutes. 
After cooled to room temperature it was carefully poured into ice-water (250 mL). 
While the aqueous solution was stirred, potassium hydroxide (solid) was added slowly 
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until pH=12. It was extracted with ethyl acetate for 3 times (200 mL each time). The 
combined extractant was dried over anhydrous sodium sulfate, and concentrated to 
give the title compound a pale solid. iH NMR (CDCI3, 400 Hz): 8 8.58 (d. J=2.3 

Hz. 1 H), 8.21 (broad s, 1 H), 7.75 (dd, J=2.4. 8,4 Hz, 1 H), 7.57-7.61 (m, 2 H), 3.92- 
5 4.20 (m, 2 H), 3.56 (broad s, 1 H), 2.84-2.99 (m, 3 H), 2.76-2.82 (m, 1 H), 2.52- 2.64 
(m, 2 H), 1.61 (s, 3 H), 1.60 (s, 3 H). LC-MS (M++1) (EI) 432,3. 

StepK (a/?,Y5,25)-N-((35,45)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl)- 
Y-hydroxy-4-[l-methyH-[5-(5-chloro-3-pyridinyl)-2-oxazolyl]ethyl]- 
10 a-(phenylmethyl)-2-[[(2,2,2 trifluoroethyl)amino]carbonyl]-l- 

piperazinepentanamide 



A solution of the intermediate from the previous step (631 mg, 1.60 
mmol) and the epoxide from Example 1, Step P (693 mg, 1.60 mmol) in ethanol (15 

15 mL) was refluxed for 48 hours. After the solvent was evaporated the residue was 
purified by flash column chromatography on silica gel with 10/7 ethyl 
acetate/methanol as eiuant to get a white solid (862 mg) (LC-MS (M++1) (EI) 825.6). 
The solid obtained was dissolved in methanol (20 mL) and cooled to 0 OC. HCl (1 N 
in ether, 3.2 mL) was added and the reaction solution was wanned to room 

20 temperature at which it was stirred for 6 hours. The solvent was evaporated. The 

residue was distributed between ethyl acetate (200 mL) and I N potassium hydroxide 
(IS mL). The organic layer was dried over anhydrous sodium sulfate, concentrated 
and purified by flash column chromatography on silica gel with 10/7 ethyl 
acetate/methanol as eiuant to give the title compound as a white solid. ^H NMR 

25 (CD3OD, 400 Hz): 5 8.58 (t, J=1.8 Hz, 1 H), 7.92 (dt, J=2.4, 8.6 Hz, 1 H), 7.75 

(dd,J=1.5,8.6 Hz, 1 H),7.67 (d,J=1.9Hz, 1 H), 7.12-7.26 (m,6H), 7.05-7.09 (m, 2 
H), 6.80 (t, J=7.2 Hz, 1 H), 6.72 (d, J=8.0 Hz, 1 H). 5.13 (d, J=4.1 Hz, 1 H), 4.04-4.07 
(m, 2 H), 3.91-4.01 (m,l H), 3.77-3.83 (m, 1 H), 3.70-3.76 (m, 2 H), 3.07-3.09 (m, 1 
H), 2.96-3.05 (m, 2 H), 2.84-2.94 (m, 2 H), 2.69-2.78 (m, 2 H), 2.62-2.66 (m, 1 H), 
30 2.31-2.53 (m, 4 H), 1.98-2.05 (m, I H), 1.60 (s, 3 H), 1.59 (s. 3 H), 1.33-1.40 (m, 1 
H). LC-MS (M++1) (EI) 785.5 
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EXAMPLE 77 

(a/?j5,25)-A^-((3S,4S)0,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-^^ 
(phenyImethyIH-[l-methyl-l-[5-(5-chloro-2-pyridinyl)-2-oxazol^ 
trifluoroeth vDaminolcarbonvn-l-piperazinepentanamide 




To a solution of 5-bromonicotinic acid ( 50 g, 247.5 mmol) and 4- 
methyl moipholine (54.5 mL. 495 mmol) in methylene chloride (500 mL), at -50 OC, 

10 isobutylchloroformate (32. 1 mL. 247.5 mmol) was added. After it was stirred at -20 to 
-10 oc for 1 hour, N,0-dimethylhydroxyIamine hydrochloride (25.4 g, 260 mmol) 
was added. The reaction solution was slowly warmed to room temperature, at which it 
was stirred for 6 hours. It was poured into 1 liter of water. The organic layer was 
washed with water (500 mL) and brine (500 mL), dried over anhydrous sodium 

15 sulfate, concentrated, and purified by flash column chromatography on silica gel with 
hexanes / ethyl acetate = 1 / 1 as eluant to give the title compound as a colorless oil. 
IHNMR (CDCI3, 400 Hz): 5 8.89 (s, IH), 8.77 (s, IH), 8.19 (t, J=2.0 Hz, 1 H), 3.59 
(s, 3 H). 3.41 (s, 3H). 

20 Step B 
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O 




To a solution of the Weinreb intermediate from the previous step (67 g, 
275 mmol) in anhydrous THF (500 ml,), at 0 OC, was added methylmagnesium 
bromide (1.4M solution, 590 mL, 824 mmol). The reaction solution was stirred at 0 
5 OC for 3 hours and poured into 800 mL of ice-water. Ethyl acetate was used to extract 
it ( 3 times, 600 mL each time). The combined organic layers was dried over 
anhydrous sodium sulfate, concentrated, and purified by flash column 
chromatography on silica gel with hexanes / ethyl acetate = 3 / 1 as eluant to give the 
title compound as a white fluffy solid. iR NMR (CDCI3, 400 Hz): 5 9.08 (s, IH), 

10 8.87 (s, IH), 8.38 (t, J=2.0 Hz, 1 H). 2.66 (s, 3 H). 
Step C 



O 




A suspension of the bromopyridine from the previous step (40 g, 200 
15 mmol) and copper(I) chloride (100 g, 1 mol) in DMF (500 mL) was stirred at 1 10 oc 
for 12 hours to see the starting material was consumed by LCMS. It was concentrated 
to about 200 mL, and distributed between ethyl acetate (1.5 1) and concentrated 
ammonium hydroxide (2 1). The aqueous layer was washed with ethyl acetate for 3 
times (500 mL each time). The combined organic layers were dried over anhydrous 
20 sodium sulfate, concentrated, and purified by flash column chromatography on silica 
gel with hexanes / ethyl acetate = 3 / 1 as eluant to give the title compound as a white 
solid. IH NMR (CDCI3, 400 MHz): 5 9.05 (s, IH), 8.77 (s, IH), 8.22 (t, J=2.0 Hz, 1 

H), 2.66 (s, 3 H). LC-MS (M++1) (EI) 156.1. 
25 StepD 
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To a suspension of the acetylpyridine obtained as from the previous 
step (24 g, 154.3 mmol) and hydroxyamine hydrochloride (16.1g, 231 mmol) in ethyl 
alcohol (200 mL) was added sodium hydroxide powder (9.3 g, 231 mmoJ). The 
5 reaction mixture was refluxed for 2 hours to see that the starting material was 

consumed byLCMS. It was filtered. The solid was washed with ethanol (100 mL) and 
discarded. The combined filtrate and washed was concentrated. The residue was 
washed with cooled water for several Umes to give the title compound as a white 
solid. IH NMR (DMSO, 400 MHz): 5 8.78 (d. J=1.8 Hz.l H). 8.60 (d, J=2.3 Hz. 1 
10 H). 8.07 (t. J=2.1 Hz, 1 H), 2.17 (s. 3 H). LC-MS (M++1) (EI) 171.1. 



StepE 




A solution of the oxime form the previous step (25.67 g, 150.5 mmol) 
15 and p-toluenesulfonyl chloride (36 g. 188.1 mmol) in pyridine (100 mL) was stirred at 
room temperature for 48 hours to form a brown precipitate. Ice-cooled water (1 1) was 
added while stirring. The initially formed brown precipitate dissolved followed by the 
formation of a white precipitate. It was stirred at 0 oc for 2 hours. The precipitate was 
collected by filtration and washed with ice-cooled water for 4 times (200 mL each 
20 time). It was dried under high vacuum to constant weight to get the titled compound 
as a pale solid. iH NMR {CDCI3, 400 MHz): 5 8.68 (d, J=1.9 Hz, 1 H). 8.63 (d, J=2.3 
Hz, 1 H), 7.93 (d, J= 8.4 Hz, 2 H), 7.89 (t, J=1.9 Hz, 1 H), 7.39 (d, J=8.0, 2 H), 2.47 
(s. 3 H), 2.38 (s, 3 H). LC-MS (M+-H) (EI) 432.3. 

25 Step F 
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To a solution of potassium ethoxide (12.1 g, 140 mmol) in 80 mL 
anhydrous ethanol a solution of the tosylamide from the previous step (43,21 g, 133 
mmol) in ethanol (1 L) was added at 0 ^C, dropwise through a dropping funnel. It was 
5 slowly wanned to room temperature at which it was stirred for 12 hours to form a 
white precipitate. It was diluted with lliter of anhydrous ether and filtered. The solid 
was washed with anhydrous ether (100 mL). To the combined filtrate and washes HCl 
gas was bubbled in for I hour to get a cloudy solution. It was concentrated and the 
residue was distributed between methylene chloride (500 mL) and saturated sodium 
10 carbonate (about 500 mL to get pH=12). The organic layer was dried over anhydrous 
sodium sulfate, concentrated, and purified by flash column chromatography on silica 
gel with ethyl acetate/methanol = 5 / 1 as eluant to give the title compound as a 
slightly yellow oil. iR NMR (CDCI3, 400 MHz): 5 8.62 (d, J=1.7 Hz, IH), 8.54 (d, 

J=2.6 Hz, IH), 7.86 (t, J=2.0 Hz, 1 H), 3.36-3.54 (m, 4H), 3.04 (s, 2 H), 1.26 (t, J=7.0 
15 Hz. 6 H). LC-MS (M++1) (EI) 198.8. 

StepG 




To a solution of the carboxylic acid from Example 66 Step D (1.8 g, 
20 4.72 mmol) in DMF (10 mL) was added 0-benzoltriazol-l-N,N,N',N'- 

tetramethyluronium hexafluorophosphate (5.16 g, 13.6 mmol), l-hydroxybenzotriazol 
hydrate (1.84 g, 13.6 mmol) and diisopropylethylamine (4.11 mL, 23.6 mmol). It was 
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10 



15 



20 



25 



stirred at room temperature for 30 minutes, and the aminoacetal from the previous 
step (1.4 g, 5.66 mmoJ) was added. After stirring at room temperature for 10 hours, 
the reaction solution was distributed between ethyl acetate (400 mL ) and water (400 
mL). The organic layer was washed with brine. It was dried over anhydrous sodium 
sulfate, concentrated and purified by flash column chromatography on silica gel with 
1/2 hexanes / ethyl acetate as eluant to give the title compound as a white solid iH 
NMR (CD30D. 400 MHz): 5 8.56 (d. J=1.6 Hz, 1 H). 8.48 (d, J=2.3 Hz. 1 H), 7.90 (t. 
J=2.0 Hz, 1 H), 7.45 (Broad s, 1 H), 5.94 (Broad s. 1 H), 5.16-5.37 (m, 2 H). 4.66 (s, 1 
H), 4.60 (d. J=4.5 Hz, 2 H), 4.01-4.11 (m, 1 H). 3.92 (d. J=12.7 Hz, 1 H), 3.76-3 86 
(m, 1 H). 3.40-3.67 (ra, 3 H). 3.28-3.32 (m, 1 H), 3.18-3.26 (m, 1 H). 2.36-2.42 (m 2 
H). 2.13-2.20 (m 1 H), 1.27 (t. J=7.1 Hz, 2 H), 1.22 (T, J=7.2 Hz. 2 H), 0.98 (s. 3H) 
0.93 (s. 3 H). LC-MS (M++1) (H) 562.3. 



StepH 




The acctal from the previous step (1.4 g, 2.35 mmol) was dissolved in 
THF (10 mL) and HCI (6 N, 10 mL) was added. The reaction solution was stined at 
50 oc for 3 hours to see the acetal was consumed. It was diluted with 200 mL of 
ethyl acetate and 1 N sodium hydroxide solution was added until pH=12. The organic 
layer was dried over anhydrous sodium sulfate, concentrated and purified by flash 
column chromatography on silica gel with 2/1 ethyl acetate/hexanes as eluant to give 
the title compound as a white solid. iH NMR (CDCI3, 400 MHz): 8 9.05 (d, J=2.7 
Hz, 1 H), 8.78 (d. J=2.3 Hz, 1 H), 8.41 (broad s, 1 H), 8.21 (t, J=2.1 Hz. 1 H), 6.76 
(broad s. 1 H), 6.60 (broad s. 1 H). 5.88- 6.01 (m, 1 H), 5.28-5.37 (m, 3 H), 4.76-4.88 
(m. 2 H). 4.68 (d, J=5.2 Hz. 2 H). 4.53 (d. J=18.2 Hz. 1 H), 4.05-3.27 (m, 3 H) 3 57- 
3.90 (m, 3 H). 3.25 (t, J=9.3 Hz. 1 H). 2.87 (d. J=l 1.0 Hz. 1 H). 2.43 (dd,' J=3 5 117 
Hz. 1 H), 2.33 (dt, J=3.1. 11.7 Hz. 1 H). 1.28 (s. 3 H). 1.26 (s. 3 H). 
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Step I 




F 



The ketoamide from the previous step (905 mg, 1.7 mmol) was 
5 dissolved in 7 mL of fuming sulfuric acid. It was stirred at 55 o C for 15 minutes. 
After cooled to room temperature it was carefully poured into ice-water (250 mL). 
While the aqueous solution was stirred, potassium hydroxide (solid) was added slowly 
until pH=12. It was extracted with ethyl acetate for 3 times (200 mL each time). The 
combined extraclant was dried over anhydrous sodium sulfate, and concentrated to get 
10 the title compound as a pale sticky solid. iH NMR (CDCI3, 400 MHz): 5 8.77 (d, 

J=1.7 Hz, 1 H), 8.54 (d, J=2.4 Hz, 1 H), 8.03 (broad s, 1 H), 7.90 (t, J=2.0 Hz, 1 H), 
7.39 (s, 2 H), 3.91-4.01 (m, 2 H), 3.51-3.53 (m, 1 H). 2,86-2.99 (m, 3 H), 2.75-2.82 
(m, 1 H), 2.52- 2.64 (m, 2 H), 1.61 (s, 3 H), 1.60 (s, 3 H). LC-MS (M++1) (EI) 432.3. 

15 Step J (aR,Y«S,25)-iV-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)- 
Y-hydroxy-a-(phenylmethyl)-4-[ 1 -methyl- 1 -[5-(5-chloro-2-pyridinyl)- 
2-oxazolyl]ethyl]-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l- 
piperazinepentanamide 

20 A solution of the intermediate from the previous step (560 mg, 1.42 

mmol) and the epoxide from Example 1 Step P (651 mg, 1.42 mmol) in 2-propanol 
(15 mL) was refluxed for 36 hours. After the solvent was evaporated the residue was 
purified by flash column chromatography on silica gel with 10/1 ethyl 
acetate/methanol as eluant to get a white solid (810 mg) (LC-MS (M++1) (EI) 825.6). 

25 The solid obtained was dissolved in methanol (20 mL) and cooled to 0 oc. HCl (1 N 
in ether, 3.5 mL) was added and the reaction solution was warmed to room 
temperature at which it was stirred for 18 hours. The solvent was evaporated. The 
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residue was distnbuted between ethyl acetate (200 mL) and 1 N potassium hydroxide 
(100 mL). The organic layer was dried over anhydrous sodium sulfate, concentrated 
and punfied by flash column chromatography on silica gel with 10/2 ethyl 
acetate/methanol as eluant to give the title compound as a white solid. iH NMR 
(CD30D, 400 MHz): 6 8.84 (t. J=1.9 Hz. 1 H), 8.52 (s. IH). 8.18-8.19(mTH) 

H). 6.71 (d, J=7.8 Hz. 1 H). 5.48 (s. IH), 5.13 (d. J=3.9 Hz. 1 H), 3.90-3.97 (m 1 H) 
3.78-3.87 (m. 1 H), 3.70-3.76 (m, 2 H). 3.08 (dd. 1=3.0. 7.1 Hz. 1 H). 2.98-3 oi (m 2 
H), 2.84-2.99 (m. 2 H), 2.70-2.75 (m. 2 H), 2.65 (dd, J=5.0. 11.1 Hz, 1 H) 2 31- 53 
^4H).2.0(t.J=l,.9HzlH).1.59(s.6H).1.33-1.40(m.l^ 



EXAMPLE 78 

15 t(3-chloro-l-phenyl-l//-pyn-ol-3-yl)methyl]-a-(3-pyridinylmethyl)-2-[[(2 2 2- 
tnfluoroethyl)amin fllcarbonYm-Bipera2ineDenr.n«n,,H. 





F F 



20 Step A 
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CI 

To a solution of 2,5-dimethoxy-3-tetrahydrofuraTicarboxaldehyde (230 
^iL, 1.62 mmol) in acetic acid (2 niL) was added 3-chloroani1ine (222 mg, 2.75 
mmol). The resulting solution was heated to 90 OC for 1 h, then cooled to ambient 
5 temperature and concentrated in vacuo. The residue was purified by flash 

chromatography (7% hexane in dichloromethane) affording the aldehyde as a clear oil. 
iH NMR (CDCI3, 400 MHz) 9.87 (s, IH), 7.67 (d, IH), 7.45 (m, 2H), 7.38 (m, 2H), 

7.10 (d, IH), 6.82 (d, IH). HPLC-MS (ES) 206.1 (M+1). 

10 StepB (aR,y5,25)-iV-((35.4S)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)- 
Y-hydroxy-4-[(3-chloro-l-phenyl-lff-pyrrol-3-yl)methyl]-a-(3- 
pyridinylmethyl)-2-([(2,2,2-trifluoroethyl)aniino]carbonyl]-l- 
piperazinepentanamide 

15 The title compound was obtained following the procedure described in . 

Example 12, Step E, starting with the intermediate prepared in Example 23, Step F 
(45 mg, 80 ^mol) and the aldehyde prepared in Step A (33 mg, 161 jimol). 
Purification by flash chromatography (5% methanol in dichloromethane) afforded the 
title compound as a white solid. iH NMR (CDCI3, 400 MHz) 9.26 (s, IH), 8.36 (s, 

20 IH), 8.32 (s. IH), 7.55 (d, J = 8.0 Hz, iH), 7.37 (m. 2H), 7.26 (m. 3H), 7.13 (m, 2H), 
7.06 (m, IH), 6.98 (m, IH), 6.80 (m, 3H), 6.23 (dd, J= 1.7 Hz. 7= 2.7 Hz, IH). 5.20 
(dd, 7 = 3.9 Hz, 7 = 8.2 Hz. IH), 4.12 (m, 4H), 3.77 (m, 3H). 3.53 (d. 7 = 13 Hz, 2H), 
3.51 (m, 7H), 2.96 (m, 4H), 2.70 (m, 4H). 2.45 (dt, 7 = 2.9 Hz, 7 = 10.4 Hz, 2H), 2.33 
(m, IH), 2.04 (s, IH). 1.88 (t, IH), 1.48 (t, IH). HPLC-MS (ES) 756 (M+1). 

25 

EXAMPLE 79 

(a/?,Y5,2S)-A^-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y'hydroxy-4- 
[(4-chloro-l-phenyl-lH-pyrrol-'3-yl)mediyl]-a-(3-pyridinylmethyl)-2-[[(2,2,2- 
trifluoroethvl)amino1carbonvl1-l-piperazinepentanamide 
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Step A 




To a solution of 2,5-dimethoxy-3-tetrahydrofurancarboxaldehyde (230 
ML, 1.62 nunol) in acetic acid (2 mL) was added 4-chloroaniline (218 mg, 2.75 
mmol). The resulting solution was heated to 90 oc for 1 h. then cooled to ambient 
10 temperature and concentrated in vacuo. The residue was purified by flash 

chromatography (7% hexane in dichloromethane) affording the aldehyde as a clear oil 
IH NMR (CDCI3. 400 MHz) 9.88 (s, IH), 7.65 (d. IH). 7.49 (d. 2H). 7.39 (d. 2H). 
7.06 (d, IH). 6.83 (d, IH); HPLC-MS (ES) 206. 1 (M+1). 

15 Step B («^.Y5.2S)-/V-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)- 

Y-hydroxy-4-[(4-chloro-l-phenyl-l//-pyiTol-3-yl)methyl]-a-(3- 

pyridinylmethyl)-2.[[(2,2.2-trifluoroethyl)amino]carbonyl]-l- 
piperazinepentanamide 



The title compound was obtained following the procedure described in 
Example 12, Step E, starting with the intermediate prepared in Example 23, Step F 
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(45 mg, 80 \imo\) and the aldehyde prepared in Step A (33 mg, 161 )imol). 

Purification by flash chromatography (5% methanol in dichloromethane) afforded the 
title compound as a white solid. iH NMR (CDCI3, 400 MHz) 9.26 (s, IH), 8.35 (d, J 

= 7.8 Hz, 2H), 7.56 (d, 7 = 7.8 Hz, IH), 7.41 (d, J = 9.0 Hz, 2H), 7.30 (d, 7 = 9.0 Hz, 
5 2H), 7.29 (m. IH), 7.22 (t, 7 = 4.8 Hz, IH), 7. 1 1 (d, 7 = 7.6 Hz, 2H), 7.03 (s, IH), 
6.95 (s, IH), 6.79 (m, 3H), 6.22 (dd, 7 = 1.7 Hz, 7 = 2.9 Hz, IH), 5.22 (dd, 7 = 5.3 Hz, 
7= 8.2 Hz, IH), 4.10 (m, 3H), 3.81 (m, 2H), 3.72 (m, IH), 3.54 (d, 7= 13.1 Hz, IH), 
3.40 (m, 7H), 2.94 (m, 4H), 2.68 (m, 4H), 2.46 (dt, 7 = 3.2 Hz, 7 = 12.9 Hz. 2H), 2.34 
(m. IH). 2.04 (s, IH), 1.89 (t, 7= 11.2 Hz, IH). 1.49 (m, IH); HPLC-MS (ES) 755.2 
10 (M+1). 

EXAMPLE 80 

(aR,YS,25)-yV-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yI)-Y-hydroxy-4- 
[l-methyl-l-(l-phenyl-l//-triazoyl-4-yl)ethyll-a-(3-phenyImethyl)-2-[[(2.2.2- 
15 trifluoroethvDaminolcarbonvll-l-piperazinepentanamide 



0.200 mmol) in 1 niL of toluene was added phenyl azide (24 mg. 0.20 mmol). The 
resulting mixture was heated to 110 oc for 14 h. then cooled to ambient temperature. 
20 Purification of the mixture by flash chromatography (7% methanol in ethyl acetate) 
afforded the title compound as a white solid. iH NMR (CD3OD, 400 MHz) 8.43 (s, 

IH), 7.85 (d, 7 = 8.0 Hz, 2H), 7.57 (t, 7 = 7.2 Hz, 2H), 7.47 (t, 7 = 7.6 Hz, IH), 7.21 
(m, 3H), 7.15 (m, IH), 7.09 (m, IH), 6.80 (dt, 7 = 1.2 Hz, 7 = 7.6 Hz, IH), 6.72 (dd, 7 
= 0.8 Hz, 7 = 8.0 Hz. IH), 5.14 (d, 7 = 4.0 Hz, IH), 4.08 (m, 3H), 3.74 (m, 3H), 3.30 
25 (m. IH). 3.09 (dd. 7 = 3.6 Hz, 7 = 6.8 Hz, IH). 3.02 (m, 2H). 2.81 (d, 7 = 9.2 Hz. IH), 




To a solution of the intermediate finom Example 39. Step A (126 mg. 
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2:73 (dd. y = 6.8 Hz. 7 = 13.2 Hz, 2H), 2.62 (dd, 7 = 7.2 Hz. 7 = 1 1.6 Hz. IH. 2.50 (m, 
2H), 2.40 (d, 7 = 6.4 Hz. 2H). 2.03 (t.7= U.6Hz. IH). 1.39 (m. IH), 1.23 (t. 7 = 6.8 
Hz, IH); HPLC-MS (ES) 750.4 (M+1). 

5 EXAMPLES! 

(a;?,Y5,25)-A^-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-4- 
[l-methyl-l-(l-phenyl-l//-triazoyl-4-yl)ethyl]-a-(3-pyridinylmethyl)-2-[[(2,2,2- 
trifluoroeth vOaminolcarbon vll- 1 -piperazinepentanamide . 



10 



Step A 




The title compound was made following the procedure described in 
1 5 Example 39, Step A, using the intermediate prepared in Example 23. Step F (265 n 
0.469 nunol) and 3-methyl-3-chiorobutyne (52.7 nL. 0.469 mmol). Purification by 
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flash chromatography (2% methanol in ethyl acetate) afforded the alkylated 
compound as a white solid. HPLC-MS (ES) 632.6 (M+1). 



5 



StepB 



((x/?,Y5,25)-yV-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)- 
Y-hydroxy'4- [ 1 -methyl- 1 -( 1 -phenyl- 1 //-tri azoyl -4-yl)ethyl] -a-(3- 
pyridinylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l- 
piperazinepentanamide 



The title compound was prepared by the procedure described in 



10 Example 79, Step A, using the intermediate prepared in Step A (126 mg, 0.200 

mmol), and phenyl azide (24 mg, 0.20 mmol). Purification by flash chromatography 
(5% methanol in dichloromethane) afforded the title compound as a white solid. iH 
NMR (CD3OD, 400 MHz) 8.52 (s, IH), 8.39 (s, IH), 8.37 (d, J = 4.0 Hz, IH), 7.95 

(d, J = 8.8 Hz, IH), 7.85 (d, J = 8.0 Hz, 2H), 7.73 (d, J = 7.6 Hz, IH), 7.51 (t, J = 12.8 
15 Hz, 2H), 7.47 (t, / = 7.2 Hz, IH), 7.34 (dd, 7 = 7.6 Hz, 7 = 4.8 Hz, IH), 7.09 (m, 2H), 
6.82 (t, / = 7.6 Hz, IH), 6.72 (d, 7= 8.0 Hz, IH), 5.17 (m, IH), 4.02 (m, 4H), 3.75 (m, 
3H), 3.10 (m. IH), 2.98 (m, 3H), 2.69 (dd, 2H), 2.62 (m, 2H), 2.50 (d, J = 5.6 Hz, 
2H), 2.03 (t, 7= 11.6 Hz, IH). 1.40 (m. 2H); HPLC-MS (ES) 751.4 (M+1). 

20 EXAMPLE 82 

(a/?,Y5,25)-A^-(45-3,4-dihydro-lfr-2,2-dioxobenzothiopyranyl)-Y-hydroxy-a- 

(phenylmethyI)-4-[[5-(5-pyrimidinyl)- 1 -furanyl]methyl]-2-[[(2,2,2- 

trifluoroeth vDaminolcarbonylV 1 -piperazinepentanamide 




25 Step A 
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/-NH 



10 



To a solution of the piperazine, prepared as in Example 12 Step A, 
(338 mg, 0.86 mmol) in dichloromethane (10 mL) was added 10 mL 30% 
tiifluroacetic acid in dichloromethane (10 mL). The reaction mixture was stirred at 
ambient temperature for 2 hours. The reaction mixture was washed with IN KOH (20 
mL X 2), dried over anhydrous sodium sulfate, filtered and concentrated in vacuo to 
give the title compound as a colorless oil. iH NMR (CDCI3, 400 MHz): 6.9 (bs, IH), 
5.95 (m. IH), 5.3 (dd, J=11.7, 17.2 Hz, 2 H), 4.68 (d, J=4.9 Hz, 2H), 4.61 (bs. 2 H), 
4.0 (m, 2H), 3.79 (m, IH), 3.56 (d, J= 13.1 Hz. IH), 2.8 (m. 4H). 



StepB 




To a solution of the intermediate obtained from Step A (268 mg, 0.91 
15 mmol) in 1.2-dichloroethane (2 mL) was added the aldehyde obtained from Example 
16 Step B (158 mg, 0.91 mmol) and sodium triacetoxy borohydride (289 mg, 1.36 
mmol). The reaction was stirred at room temperature for 6 hours. The reaction 
mixture was poured into saturated sodium hydrogen carbonate and extracted with 
ethyl acetate (4 x 10 mL). The organic layers were combined, dried over anhydrous 
20 sodium sulfate, filtered and concentrated in vacuo to give the title compound. iH 

NMR (CDCI3, 400 MHz): 9.1 (s. IH). 8.9 (s, 2H), 6.8 (d, J=3.3 Hz, IH), 6.4 (d, J=3.3 
Hz. IH), 5.9 (m. IH), 5.35 (dd. J=7.2 Hz, IH), 5.3 (dd, J=7.6 Hz. IH), 4.9 (bs. IH). 
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4.8 (m, IH), 4.66 (t, J=5.4, 5.5 Hz, 2H), 4.2 (bm, IH). 3.9 (bm, 2 H). 3.48 (d, J=ll.l 
Hz, IH), 3.2 (bs, IH), 2.9 (bd, IH), 2.3 (m, 3H). 

StepC 



5 




To a solution of the intermediate obtained from Step B (400 mg, 0.88 
mmol) in THF was added 1,3-dimethyl barbituric acid (156 mg, 1.0 mmol) and 
tetrakis triphenyl phosphine palladium (0) (30.5 mg, 0.026 mmol). The resulting 
mixture was stirred at room temperature for 2 hours. The reaction mixture was diluted 
10 with ethyl acetate and extracted with 1 N HCl (4 x 10 mL). The pH of the aqueous 
layer was adjusted to 10 with solid sodium carbonate. The aqueous layer was 
extracted with ethyl acetate (6 x 10 mL). The organic layers were combined and dried 
over anhydrous sodium sulfate, filtered and concentrated in vacuo to give the title 
compound. 

15 

StepD 

O 
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To a solution of the intermediate obtained from Step C (325 mg, 0.88 
mmol) in 2-propanol was added the intermediate triflate obtained from Example 35 
Step E (297 mg, 0.88 mmol) and diisopropylethylamine (0.153 mL, 0.88 mmol). The 
reaction was stirred at room temperature for 48 hours. The reaction mixture was 
5 concentrated in vacuo and purified by flash chromatography using ethyl acetate to 
give the title compound as a solid. iH NMR (CDCI3 400 MHz): 9.1 (s, IH), 8.9 (s, 
2H), 8.1 (bs, IH), 7.34 (m, 3H), 7.2 (m, 2H), 6.8 (d, J=3.6 Hz, IH), 6.4 (d, 1=3.4 Hz, 
IH), 4.4 (m, IH), 3,6 (m, 3H), 3.25 (t, J=3.7, 5.2 Hz, IH), 3.19 (dd, J=4.5, 4.3 Hz, 
IH), 2.95 (m, 2H), 2.75 (m, 3H), 2.6 (m, 6 H), 1.95 (m, 2H). LC-MS (M++1) (EI) 
10 558.4 



StepE 




OTBS r^^^ 



To a solution of the intermediate obtained from Step D (236 mg, 0.42 
15 mmol) in 1,4-dioxane (4 mL) was added IN LiOH solution ( 0.465 mL. 0.465 mmol). 
The reaction was stirred at room temperature for 1 hour. The reaction mixture was 
then concentrated in vacuo and azeotropically dried with benzene (3x). The yellow 
solid obtained was dissolved in THF (5 mL) and di-isopropyl ethyl amine (0.228 mL, 
1.31 mmol) was added. The reaction mixture was cooled to 0 °C and r^rr-butyl- 
20 dimethyl siiyl-trifluromethane sulfonate (0.204 mL, 0.883 mmol) was added. The 
reaction mixture was slowly wanned to room temperature. After 3 hours the reaction 
mixture was poured into saturated sodium bicarbonate solution. The resulting mixture 
was extracted with dichloromethane (3 x 10 mL). The organic layers were dried over 
anhydrous sodium sulfate, filtered and concentrated in vacuo. The residue was 
25 dissolved in THF (5 mL) and water (5 mL) and stirred vigorously at room temperature 
for 14 hours. The layers were separated The organic layer was dried over anhydrous 
sodium sulfate, filtered and concenu-ated in vacuo to give the titie compound. This 
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material was used without further purification in the next step. LC/MS (M++1) (EI) 
690.4. 

StepF 



5 




To a solution of the intermediate obtained from Step E (0.423 mmol) 
in dichloromethane (1 mL) was added4 (R,S)-amino-3,4-dihydro-lH-benzothiopyran 
(84 mg, 0.423 mmol), l-hydroxy-7-azabenzotriazole (86 mg, 0.634 mmol) 

10 diisopropylethylamine (0. 148 mL, 0.846 mmol) and benzotriazole- 1-yl-oxy-tris- 
pyrrolidino-phosphonium hexafluorophosphate (220 mg, 0.423 mmol). The reaction 
mixture was stirred at room temperature for 3 hours. The reaction mixture was poured 
into 10 % citric acid solution. The resulting biphasic mixture was extracted with 
dichloromethane ( 3x 10 nrL). The organic layers were combined and washed with 

15 saturated sodium bicarbonate solution, dried over anhydrous sodium sulfate filtered 
and concentrated in vacuo. The crude material was purified by flash chromatography 
with S0% ethyl acetate-hexanes to give the title compound as a 1:1 mixture of 
diastereomers. LC/MS (M++1) 869.6. 

20 Step G (a/?,Y5»25)-iV-(45-3,4-dihydro-li/-2,2-dioxobenzothiopyranyl)-Y- 

hydroxy-a-(phenylmethyl)-4-[[5-(5-pyrimidinyl)- 1 -furanyl]methyl]-2- 
rr(2,2,2 "trifluoroethvnamino1carbonvll-l-piperazinepentanamide 

To a solution of the intermediate obtained from Step F (1 10 mg, 0.126 
25 mmol) in THF (4 mL) was added tetrabutylammonium fluoride (2mL, l.OM solution 
in THF). The reaction was stirred at room temperature for 30 minutes. The reaction 
mixture was concentrated in vacuo and purified by flash chromatography with 80% 
ethyl acetate-hexanes. The title compound was obtained as a 1:1 mixture of 
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diatereomers. The diastereomers were separated by HPLC on a ChiralCel OD column 
with 25% ethanol-hexanes. 

Diastereomer A : HPLC retention time 23.53 min. iH NMR(400 MHz, CDCI3): 9.1 1 
(s, IH), 8.98 (s. 2H). 8.86 (bs. IH), 7.17-7.3 (m, 8H), 7.06 (d. J=7.8 Hz, IH). 6.81 (d, 
5 J=3.5 Hz. IH), 6.74 (d, J=7.4 Hz, IH), 6.63 (bs, IH), 6.42 (d. J=2.7 Hz, IH), 5.63 (m'. 
IH), 4.34 (d, J=16.4 Hz, IH), 4.23 (d. J=16.6 Hz, IH), 4.0 (m. JH), 3.7 (m, 3H), 3.45 
(d, J=4.5 Hz, 2H). 2.98 (m, 4H), 2.85 (m. 2H). 2.7 (m, 4H), 2.5 (m. 2H), 1.86 (dt, 
J=2.3, 13.6 Hz, IH), 1.5 (dt, J=3.4, 13.9 Hz). 

Diastereomer B: HPLC retention time 33.5 min. iHNMR (400 MHz, CDCI3): 9.13 
10 (s. IH), 8.98 (s, 2H). 8.83 (bt. J=7.2 Hz, IH), 7.41 (dd, J=1.3. 8.8 Hz, IH), 7.19-7.32 
(m, 8H). 7.06 (d, J=4.3 Hz, IH), 6.84 (d. J=9 Hz. IH), 6.82 (d. J=3.3 Hz. IH). 6.41 (d. 
J=3.6 Hz, IH). 5.8 (m. IH). 4.32 (d, J=16.8 HZ, IH). 4.18 (dd, J=3. 16.6 Hz. IH). 
4.03 (m, IH). 3.7 (m, 3H), 3.56 (t. J=I0.4 Hz. IH). 3.3 (m. 2H). 2.8-3.0 (m. 5H). 2.5- 
2.7 (m. 5H). 2.4 (m. 2H). 1.85 (dt. J=1.5. ll.I Hz. IH). 1.54 (dt. J=3.3, 10.6 Hz, IH) 

15 

EXAMPLE 83 

(a/?,YS,25)-A^-(45-3,4-dihydro-lH-2,2-dioxobenzothiopyranyl)-Y-hydroxy-a- 
(phenylmethyl)-4-[[5-(2-pyridinyl)-2-furany]]methyl]-2-[[(2,2,2- 
trifluoroeth vDaminolcarbonvn-l-DiperazineDentanamide 




Step A 
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o 



10 



To a solution of the intermediate obtained from Example 12, Step A 
(310 mg, 1.05 mmol) in 1,2-dichloroethane (2 mL) was added the aldehyde obtained 
from Example 49 Step B (1 82 mg, LOS mmol) and sodium triacetoxy borohydride 
(334 mg, 1.51 mmol). The reaction was stirred at room temperature for 6 hours. The 
reaction mixture was poured into saturated sodium hydrogen carbonate and extracted 
with ethyl acetate (4 x 10 mL). The organic layers were combined, dried over 
anhydrous sodium sulfate, filtered and concentrated in vacuo. The crude material was 
purified by flash chromatography with 40% ethyl acetate-hexanes to give the title 
compound. iH NMR (CDCI3, 400 MHz): 8.61 (d, J=4.9 Hz, IH), 7.7 (m, 2H), 7.2 

(m, IH), 7.0 (d, J=3.3 Hz, IH), 6.4 (d, J=3.3 Hz. IH), 5,9 (m, IH), 5.3 (m, 2H), 4.9 
(bs, IH), 4.6 (bm, 2H), 4.1 (m, IH), 3.95 (m, 2H), 3.8 (d, J=14.1 Hz, IH), 3.65 (d, 
J=14.1 Hz, IH), 3.4 (bs, IH). 3.2 (bs, IH), 2.95 (bs, IH), 2.4 (m, 3H). 



15 Step B 




To a solution of the intermediate obtained from Step A (350 mg, 0.77 
mmol) in THF(5mL) was added 1,3-dimethyl barbituric acid (144 mg, 0.92 mmol) 
and tetrakistriphenylphosphine palladium (0) (44 mg, 0.038 mmol). The resulting 
20 mixture was stirred at room temperature for 2 hours. The reaction mixture was diluted 
with ethyl acetate and extracted with IN HCl (4 x 10 mL). The pH of the aqueous 
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layer was adjusted to 10 with solid sodium carbonate. The aqueous layer was 
extracted with ethyl acetate (6 x 10 mL). The organic layers were combined and dried 
over anhydrous sodium sulfate, filtered and concentrated in vacuo to give the title 
compound LC/MS (M++1) 369.2. 

5 

StepC 



O 




To a solution of the intermediate obtained from Step B (260 mg, 0.7 
ramol) in 2- propanol was added the intermediate triflate obtained from Example 35, 

10 Step E (237 mg, 0.7 mmol) and di-isopropyl ethyl amine (0.131 mL, 0.75 mmol). The 
reaction was stirred at room temperature for 16 houts. The reaction mixture was 
concentrated in vacuo and purified by flash chromatography with ethyl acetate to give 
the title compound as a light yellow solid. iH NMR (CDCI3, 400MHz): 8.6 (d, J=4.9 
Hz. IH), 8.4 (bs, IH), 7.74 (dt, J=1.7. 7.8 Hz. IH). 7.65 (d. J=8.0 Hz. IH), 7.3 (m, 

15 3H). 7.2 (m, 3H), 6.99 (d, J=3.3 Hz. IH), 6.38 (d, J=3.4 Hz. IH), 4.45 (m, IH), 4.1 
(m, IH), 3.73 (d, J=5 Hz, IH), 3.65 (m. IH). 3.63 (d. J=4.0 Hz. IH), 3.25 (t, J=3.9 
Hz, IH), 3.18(dd. J=4.5, 13.9 Hz. IH), 2.9 (m, 2H), 2.68-2.85 (m, 6H). 2.6 (d, J=8.3 
Hz, IH). 2.55 (dd, J=3.1, 14.5 Hz. IH). 2.05 (m, 2H). 

20 Step D 
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To a solution of the intermediate obtained froni step C (270 mg, 0,48 
mmol) in 1,4-dioxane (4 mL) was added IN LiOH solution (0.53 mL, 0.53 mmol). 
The reaction was stirred vigorously at room temperature for 16 hours. The reaction 
5 mixture was concentrated in vacuo and azeotropically dried with benzene (3x). The 
off-white solid obtained was dissolved in anhydrous THF (3 mL) and di-isopropyl 
ethyl amine (0.34 mL, 1.94 mmol) was added. The reaction mixture was cooled to 
0 X and /err-butyldimethylsilyltrifluromethane sulfonate (0.34 mL, 1.5 nrmiol) was 
added. The reaction mixture was slowly warmed to room temperature. After 3 hours 

10 the reaction mixture was poured into saturated sodium hydrogen bicarbonate solution. 
The resulting mixture was extracted with dichloromethane (3 x 10 mL). The organic 
layers were dried over anhydrous sodium sulfate and concentrated in vacuo. The 
residue was dissolved in THF (5 mL) and water (5 mL) and stirred vigorously at room 
temperature for 14 hours. The layers were separated. The organic layer was dried over 

15 anhydrous sodium sulfate, filtered and concentrated in vacuo to give the title 
compound. This material was used without further purification in the next step. 

StepE 
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To a solution of the intermediate obtained from step D (0.485 mmol) in 
dichloromethane (2 mL) was added 4(R,S)-amino-3,4-dihydro-lH-benzothiopyran (95 
mg, 0.485 mmol), diisopropylethyl amine (0.17 nnL, 0.91 mmol) and benzotriazole-1- 
yl-oxy-tris-pyrrolidino-phosphonium hexafluorophosphate (252 mg, 0.485 mmol). 
5 The reaction mixture was stirred at room temperature for 2 hours. The reaction 

mixture was poured into 10 % citric acid solution. The resulting biphasic mixture was 
extracted with dichloromethane (3 x 10 mL). The organic layers were combined and 
washed with saturated sodium bicarbonate solution, dried over anhydrous sodium 
sulfate filtered and concentrated in vacuo. The crude material was purified by flash 
10 chromatography with 50 % ethyl acetate-hexanes to give the title compound as a 1: 1 
mixture of diastereomers. LC/MS (M++1) 868.4. 

Step F (aR,YS,25)-;V-(4S-3 ,4-dihydro-lff-2,2-dioxoben20thiopyranyl)-Y- 

hydroxy-a-(phenylmethyl)-4-[(5-(2'pyridinyl)-2-furanyl]methyl]-2- 
15 rr(2.2,2 'trifluoroethvnaminolcarbonvll-l-pipera2inepentanamide 

To a solution of the intermediate obtained from step E (252 mg, 0.29 
mmol) in THF (2 mL) was added tetrabutylammonium fluoride (0,32 mL, 1.0 M 
solution in THF). The reaction was stirred at room temperature for 16 hours. The 
20 reaction mixture was concentrated in vacuo and purified by flash chromatography 
with 80% ethyl acetate-hexanes. The title compound was obtained as a 1:1 mixture of 
diastereomers. The diastereomers were separated by HPLC on a ChiralCel OD 
column with 25% ethanol-hexanes. 

Diastereomer A : HPLC retention time 35.2 min.lH NMR (400 MHz. CDCI3): 9.14 
25 (bt, 6.1 Hz, IH), 8.61 (dd, J=1.0, 4.9 Hz, IH), 7.72 (dt, J=1.8, 7.8 Hz, IH), 7.65 (d, 
J=8 Hz, IH), 7.16-7.27 (m, 8H), 7.05 (d, J=7.4 Hz, IH), 6.99 (d, J=3.1 Hz, IH), 6.72 
(d, J=5.4 Hz, IH), 6.6 (d, J=8.4 Hz, IH), 6.39 (d, J=3.3 Hz, IH), 5.65 (m, IH), 4.32 
(d, J=6.4 Hz, IH), 4.19 (d, J=6.6 Hz, IH), 4. 1 (m, IH), 3.73 (d, J=14.1 Hz, IH), 3.6 
(m, 2H), 3,58 (d, J=15.1 Hz. IH), 3.43 (d, J=4.7 Hz, 2H), 3.35 (bt, J=2.7 Hz, IH), 3.0 
30 (m,3H), 2.62-2.85 (m.5H), 2.59 (dd,J=3.3, 11.7Hz, IH), 2.49 (dt, J=3.3, 11.1 Hz, 
IH), 2.41 (dd, J=2.5, 13 Hz, IH), 1.86 (dt, J=2.7, 13.9 Hz, IH), 1.5 (dt, J=3.5, 10.3 
Hz,TH). 

Diastereomer B; HPLC retention time 57.2 min. iH NMR (400 MHz, CDCI3): 9.08 
(bt, 5.4 Hz, IH), 8.61 (d, J=4.1 Hz, IH), 7.75 (dt, J=1.8, 8.1 Hz, IH), 7.65 (d, J=8.0 
35 Hz, IH). 7.41 (d, J=3.6 Hz. IH). 7.1-7.35 (m, 7H). 7.05 (d. J=9 Hz. IH), 6.99 (d, 
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J=3.3 Hz, IH), 6.87 (d, J=9.6 Hz, IH), 6.39 (d, J^3A Hz, IH). 5.8 (m, IH), 4.3 (d, 
J=16.6 Hz, IH), 4.15 (m, 2H), 3.5-3.7 (m, 5H), 3.25 (m, 3H), 2.8 (m, 5H), 2.6 (m, 
5H). 2.4 (m, 2H). 1.85 (dt, J=2.1, 10.7 Hz. IH), 1.52 (dt. J=3.1. 10.5 Hz). 

5 EXAMPLE 84 

(a/?,Y5,25)-A^<(35,45)-3,4-dihydroO-hydroxy-2H-l-benzopyran-4-yl)-Y-hyd^^ 
[l-methyl-l-[5-(2-methyI-4.pyridinyl)-2-furanyl]ethyl]-a-(phenylmethyl)-2-[[(2 
trifluoroethyDaminolcarbonvll-l-piperazinepentanamide 



10 




Step A 

15 To a stirred solution of 2-acetylfuran (36.6 g; 332.4 mmol) in benzene 

(225 mL) was added ethylene glycol (46 niL; 831 mmol) and p-TsOH*H20 (947 mg; 
4.99 nrniol). The reaction vessel was equipped with a Dean-Stark apparatus and 
heated to reflux. The next morning, the reaction mixture was poured into EtaO (1.7 L) 
and washed with saturated NaHCOs solution, water and brine. The organic layer was 

20 dried (Na2S04), filtered, and concentrated in vacuo. The crude product was purified 
by vacuum distillation to provide the desired ketal. 'H NMR (300 MHz, CDCI3): 5 
1.73 (s, 3H). 3.97-4.08 (complex m, 4H). 6.32 (m, IH), 7.38 (m, 2H). 

StepB 
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To a stirred solution of the intermediate from Step A (8.73 g; 56.6 
mmol) in dry THF (250 mL) cooled to -78 "^C was added dropwise rBuLi (41.5 mL; 
5 62.3 nunol). After 15 minutes the solution was warmed.to -20 °C and stirred 2 hours, 
at which time the reaction was cooled to -78 ^'C. A solution of MeaSnCl (13.0 g; 
65.1 nmiol) in dry THF (15 mL) was added dropwise. The reaction was allowed to 
warm to ambient temperature after 15 minutes. The reaction was quenched with 
saturated NaHCOa; the volatiles were removed in vacuo and the residue was poured 
10 in Et20 (1 L); washed with water, and brine; dried (Na2S04), filtered, and 

concentrated in vacuo to provide the stannane in quantitative yield, which was used 
without further purification. *H-NMR (300 MHz, CDCI3): 5 0.32 (s, 9H), 1.74 (s, 
3H), 6.31 (d, J=3.6 Hz, IH), 6.48 (d, J=4.2 Hz, IH). 



15 Step C 




From a stirred solution of the intermediate from Step B above (500 mg; 
1.58 mmol), bromopyridine intermediate from Example 51, Step A (326 mg; 1.90 
mmol), and Pd(PPh3)4 (55 mg; 0.047 mmol) in dry DMF (8 mL), using the procedure 
20 from Example 49 Step A the deisred compound was obtained after purification by 
Biotage column chromatography (40S; 50% EtOAc/hexane). 'H-NMR (300 MHz. 
CDCI3): 5 1.80 (s, 3H), 2.58 (s, 3H), 4.04-4.11 (complex m. 4H), 6.44 (d, J=3.4 H^, 
IH), 6.77 (d, J=3.4 Hz, IH), 7.31 (dd, J=5.2, 1.1 Hz, IH), 7.39 (s, IH), 8.47 (d, J=5.2 
Hz, IH). 

25 

StepD 
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From a stirred solution of intermediate from Step C above (170 mg; 
0.69 mmol) and HCI solution (2.76 mL; 2.76 mmol) in THF (3.5 mL), following the 
5 procedure described in Example 46 Step E, the desired aldehyde was obtained after 
workup and was used without further purification. 'H-NMR (300 MHz, CDCI3): 5 
2.54 (s, 3H). 2.61 (s, 3H), 6.95 (d, J=3.7 Hz, IH), 7.26 (d, J=3.6 Hz, IH), 7.42 (d, 
J=5.2 Hz, IH), 7.51 (s, IH), 8.55 (d, J=5.2 Hz, IH). ' 

10 Step E 




To a stirred solution of intermediate from Step D above (7.1 g; 35.4 
mmol) and piperazine intermediate from Example 12 Step A (8.37 g; 28,3 mmol) in 

15 AcOH (45 mL) was added TMSCN (19.0 mL; 141.5 mmol). After a slight exotherm, 
the flask was equipped with a reflux condenser and the reaction was stirred at 60 °C 
approximately 84 hours. The reaction was poured onto icy NH4OH and extracted 3x 
EtOAc. The organic extracts were combined, washed with brine, dried (Na2S04), 
filtered and volatiles removed in vacuo. Flash column chromatography (gradient 

20 elution 4% to 5% MeOH/CH2Cl2) provided a 2:1 mixture of desired product and 
starting ketone. Electrospray ionization mass spectrum: m/e 506.6 (MH* calcd for 
C24H26F3N5O4, 506.2). 

Step F 
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To a solution of the intermediate from Step E above (-20 mmol 
piperazine) and 1,3-dimethylbarbituric acid (15.6 g; 100 mmol) in dry THF (250 mL) 
5 was added Pd(PPh3)4 (2.31 g; 2.0 mmol). After 40 minutes the mixture was filtered 
through celite and the volatiles removed in vacuo. The residue was poured into 
EtOAc (1 .6 L) and washed with IN HCl (4x125 mL). The acid extracts were 
combined and brought to basic pH with KOH solution. The aqueous layer was 
extracted with CHCi3 (4x300 mL) and the organic layer was dried (Na2S04), fihered, 

10 and concentrated in vacuo. Purification by Biotage column chromatography (40M; 
97:2:1 EtOAc:MeOH:TEA; in 2 batches) provided 7.65 g of the desired product as a 
yellow solid. To a vigorously stirred solution of this intermediate (7.22 g; 17.1 mmol) 
in dry DME (1 15 mL) at 0 X was added MeMgBr (122 mL; 171 mmol) over 45 
minutes. The reaction mixture was allowed to stir at ambient temperature for 100 

15 minutes. The reaction was quenched at 0 **C with saturated NH4CI solution and the 
aqueous layer washed with EtOAc three times. The organics were combined, washed 
with brine, dried (Na2S04), filtered, and concentrated in vacuo. Purification by 
Biotage column chromatography (40M; 93:5:2 EtOAc:MeOH:TEA; in 2 batches) 
provided the desired product. Electrospray ionization mass spectrum: m/e 41 1.4 

20 (MHT calcd for C20H25F3N4O2, 41 1.2). 

StepG 
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To a stirred solution of intermediate from Step G above (3.40 g; 8.28 
mmol) and DIEA (1,52 nnL; 8.69 mmol) in dry IPA (60 mL) was added lactone 
intermediate from Example 35 Step E (2.80 g; 8.28 mmol). After 2 hours, the 
5 volatiles were removed in vacuo and the residue poured into EtOAc (500 mL). After 
washing with saturated NaHCOa solution, 50% brine, and brine, drying (Na2S04), 
filtration, and removal of volatiles in vacuo, purification by Biotage column 
chromatography (40M; 3% MeOH/CHiCb) provided the desired intermediate, which 
was carried on to Step 1. 




To a stirred solution of intermediate from Step H above (3.9 g; 6.51 
15 mmol) in dry DME (35 mL) at 0 ""C was added dropwise aqueous LiOH solution (7.05 
mL; 7.16 mmol). After 15 minutes the brown solution was allowed to stir at ambient 
temperature for 1.5 hours, at which time additional LiOH (0.5 mL; 0.51 mmol) was 
added. After 30 minutes, the solvents were removed in vacuo at no greater than 35 
and the residue azeotroped from benzene and MeCN until a foam was obtained. This 
. 20 solid was dissolved in dry EtOAc (65 mL) and dry CH2CI2 (16 mL) and cooled to 0 
°C. DIEA (5.1 mL; 29.3 mmol) was added, followed by TBSOTf (5.25 mL; 22.8 
mmol) dropwise. The ice bath was removed after 10 minutes, the yellow solution was 
stirred 20 minutes longer and poured into EtOAc. After washing with H2O, saturated 
NaHCOs, and brine, drying (Na2S04), filtration, and removal of solvent in vacuo, 
25 purification by flash column chromatography (5% MeOH/CHaCh) yielded a mixture 
of mono- and bis-protected intermediate. This ester/acid mixture was dissolved in 
THF (145 mL) / H2O (70 mL) and stirred overnight. Solvents were removed in vacuo 
and the residue azeotroped from benzene and MeCN. The residue was dissolved in 
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Et20; filtered through silica, washing with EtOAc and MeOH; and the volatiles 
removed to provide the desired compound, which was carried on to the next step, 
assuming quantitative yield. 

5 Step I 




To a stirred solution of intermediate from Step I (-6.5 mmol) in dry 
NMP (105 mL) cooled to 0 °C was added DEA (3.40 mL; 19.5 mmol). The 

10 following solids were then added sequentially, waiting until complete dissolution of 
solid occurred before added the next: HOBt (1.98 g; 14.6 mmol); intermediate from 
Example 12 Step P (1.18 g; 7.15 mmol); and HBTU (3.70 g; 9.75 mmol). The 
solution was allowed to stir at ambient temperature 45 minutes. The reaction was 
poured into EtOAc (2 L); washed with dilute NaHCOa solution, H2O and brine; dried 

15 (Na2S04), filtered, and concentrated in vacuo. Purification by Biotage column 

chromatography (40M; 60% EtOAc/hexane) provided the desired compound as a pale 
yellow solid. Electrospray ionization mass spectrum: m/e 878.5 (MET calcd for 
C47H62F3N506Si. 878.4). 

20 Step J (aR,Y5,25)-//-((3S,4S)-3,4-dihydro-3-hydroxy-2H-l.benzopyran-4-yl)- 
Y-hydroxy-4-[l-methyI-l-[5-(2-methyl-4-pyridinyl)-2-furanyl]ethyl]-a- 
(phenylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l- 
piperazinepentanamide - 

25 To a stirred solution of intermediate from Step J above (4.0 g; 4.56 

mmol) in dry THF (33 mL) was added TBAF (6.0 mL; 6.0 mmol). After 6 hours at 
45-50 ""C, an additional 5.7 mL (5.7 mmol) TBAF was added to the reaction. Four 
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hours later, the volatiles were removed in vacuo; the residue was poured into EtOAc 
(450 mL); washed with saturated NaHCOs solution, alternately with H2O and brine, 
and finally with brine; dried (Na2S04), filtered, and concentrated in vacuo. 
Purification by flash column chromatography (gradient elution 1% to 2% to 3% to 4% 
5 MeOH/CH2Cl2) provided the titled compound as a white solid. NMR (400 MHz, 
CDCI3): 5 1.36 (m, IH), 1.52 (s, 6H), 2.02 (m, IH), 2.32-2.44 (complex m, 3H), 2.49 
(m. IH), 2.53 (s, 3H), 2.62 (m, IH), 2.69-2.77 (complex m, 2H), 2.84-3.04 (complex 
m, 4H). 3.08 (dd, J=3.3, 7.4 Hz, IH), 3.71-3.84 (complex m, 3H), 3.90-4.00 (complex 
m, IH), 4.01-4.10 (complex m, 2H), 5.13 (d, J=4.1 Hz. IH), 6.43 (d, J=3.5 Hz, IH), 
10 6.72 (dd, J=1.0, 8.2 Hz, IH), 6.82 (apparent td, 1=1.2, 7.5 Hz, IH), 7.04 (d, J=3,6 Hz, 
IH), 7.08 (apparent t, J=7.5 Hz, 2H), 7.13-7.25 (complex m, 5H), 7.45 (dd, J=1.4, 5.3 
Hz, IH), 7.52 (s, IH), 8.35 (d, J=5.2 Hz, IH); electrospray ionization mass spectrum: 
tn/e 764.5 (MH^ calcd for C41H48F3N5O6, 764.4). 



15 

EXAMPLE 85 

(oJ?,Y5,25)-Ar-[(35,45)-3,4-dihydro-3-hydroxy-2A^-l-benzopyran-4-yl]-Y-hydroxy-4- 
[ 1 -[5-(5-methoxy-3-pyridinyl)-2-oxazoIyl]- 1 -methylethyl]-a-(phenyl methyl)-2- 
[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide 
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To a suspension of 3,5-dibromopyridine (300 g, 1.27 mol) in DMF 



10 



15 



20 



(0.5 L) sodium methoxide (25% in methanol, 1 .45 L, 6.33 mol) was added. It was 
refluxed for 6 hours (internal temperature: 91 ^C). After it was cooled to room 
temperature, water (1 L) was added. Methanol was removed under vacuum. The 
residue was extracted with ethyl acetate ( 3 x 1.5 L). The combined organic layer was 
dried over anhydrous sodium sulfate, concentrated, and purified by flash column 
chromatography on silica gel with hexanes / ether = 1 / 1 as eluant to get the title 
compound as a white crystal. NMR (CDCb. 500 Hz): 5 8.30 (s, 1 H), 8.25 (d. 
J=2.3 Hz, 1 H). 7.37-7.38 ( m. 1 H), 3.87 (s, 3 H). 



To a solution of the bromopyridine (244 g, 1.30 mol) from the previous 
step in anhydrous THF (1.5 L) was added isopropyl magnesium chloride (2.0 M in 
THF, 0.68 L, 1 .36 mol) at 0 ^'C. It was warmed to room temperature and stirred for 
one hour. Then it was cooled to 0 °C and iV-(rer^-butoxycarbonyl)gIycine A^'-methoxy- 
^'-methylamide (14L5 g, 0.65 mol) was added. It was warmed to room temperature 
and stirred for 10 hours. It was diluted with ethyl acetate (2 L) and washed with water 
(1.5 L). The organic layer was dried over anhydrous sodium sulfate, concentrated, and 
purified by flash column chromatography on silica gel with hexanes / ethyl acetate = 1 
/ 1 as eluant to get the title compound as a pale solid. 'H NMR (CDCI3, 500 Hz): 5 



8.77 (s, 1 H), 8.53 (d, J=2.8 Hz. 1 H), 7.70-7.71 ( m, 1 H), 5.49 (broad s. 1 H), 4.48 
(d, J=4.1 Hz, 2 H), 3.93 (s, 3 H), 1.49 (s, 9 H). 




StepC 



O 
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The protected aminoketone from the previous step (110 g, 486 mmol) 
was treated with a solution of 20% TFA in methylene chloride (300 mL) at room 
temperature for 8 hours. It was concentrated to get a brown gum, which was treated 
with hydrogen chloride in ether (1 M, 700 mL) and filtered. The filtrate was 
5 discarded. To the solid collected the above mentioned treatment with hydrogen 
chloride was applied for two more times. It was then dried on high vacuum to 
constant weight to get a pale fine powder. NMR (D2O, 500 Hz): 6 8.96 (s, 1 H), 
. 8.73 (d, J=2.5 Hz, 1 H), 8.52-8.53 ( m. l H), 4.77 ( s. 2 H), 4.07 (s, 3 H). 

10 Step D 




A solution of the carboxylic acid triethylamine salt form Example 66, 
step D (64.5 g, 169 mmol), PyBop (176 g, 338 m mol). HOAt (46 g. 338 m mol), and 

15 MiV-diisopropyl ethylamine (177 mL, 1.01 mol) in DMF (500 mL) was stirred at 

room temperature for 20 minutes. Then, the hydrochloride from the previous step (40 
g, 169 mmol) was added. After stirring at room temperature over night, it was 
concentrated to a brown slur. Ethyl acetate (l.S L) was added, and it was washed with 
water ( 3x1 L), 1 N potasium hydroxide solution and brine. It was dried over 

20 anhydrous sodium sulfate, concentrated, and purified by flash column 

chromatography on silica gel with hexanes / ethyl acetate = 1 / 1 as eluant to get the 
title compound as a pale solid. *H NMR (CDCI3, 500 Hz): 5 8.80 (s, 1 H), 8.52 - 
8.53 (m, 1 H), 8.37 (broad s, 0.6 H), 7.90 ( Broad s, 0.4 H), 7.70-7.71 ( m, 1 H), 
6.70 (broad s, 1 H), 5.94 (broad s, 1 H), 5.27-5.41 (m, 2 H), 4.87 ( broad s, 1 H), 4.82 

25 (s, 1 H), 4.67 (d, J=4.5 Hz, 2 H), 4.57 ( d, J=18.3 Hz, 1 H), 4.05-4.14 (m, 2 H), 3.92 
(s, 3 H), 3.66 ( d, J=11.2 Hz, 1 H), 3.20-3.30 (m, 1 H), 2.90 ( d, J=:10.8 Hz, 1 H), 2.45 
(d, J=9.3 Hz, 1 H), 2.35-2.37 (m, 1 H), 1.28 (s, 6 H). 

StepE 



-346 . 



wo 01/38332 



PCT/USOO/32089 




The ketoamide from the previous step (40 g, 75.5 mmol) was treated 
with fuming sulfuric acid ( 20 % free SO3, 80 mL) at 60 °C for 10 minutes. It was 
5 poured into excess ice. Solid potassium hydroxide was added while stirring till pH = 
12. It was extracted with ethyl acetate ( 7 x 0.7 L). The combined organic layer was 
dried over anhydrous sodium sulfate, concentrated, and purified by flash column 
chromatography on silica gel with ethyl acetate / methanol =10/1 as eluant to get the 
title compound as a white solid. NMR (CDCb, 500 Hz): 5 8.63 (broad s, 1 H), 
10 8.50 (s, 1 H). 8.28 (s, 1 H), 7.36-7.37 (m. 1 H), 7.34 (s. 1 H), 3,91-4.00 (m, 2 H), 3.94 
( s, 3 H), 3.78-3.79 (m, 1 H), 3.02-3.11 (m, 4 H), 2.88-'2.91 (m, 1 H), 2.65-2.73 (m, 2 
H), 1.60(s,3H),l.59(s.3H). 

Step F 



15 




A solution of the oxazole from the previous step (24.5 g, 57.3 mmol) 
and the epoxide from Example 1, Step P (22.6 g, 57.3 namol) in isopropanol (200 mL) 
was refluxed for 10 hours. After the solvent was removed, the residue was purified by 
20 flash column chromatography on silica gel with ethyl acetate / methanol =50/1 as 
eluant to get the title compound as a white solid. *H NMR (CD3OD, 500 Hz): 5 
8.48 (s, 1 H), 8.23 (d, J=2.3 Hz, 1 H), 7.64-7.65 (m, 1 H), 7.63 (s,l H), 7.20-7.32 (m, 
5 H). 7.01 (t, J=7.5 Hz, 1 H), 6.68 (d, J=8.3 Hz, 1 H), 6.45 (t, J=6.5 Hz, 1 H), 6.35 (d, 
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J=7.7 Hz. 1 H), 5.67 (d, J=3.9 Hz, 1 H), 4.45 (d, J=2.3 Hz, 1 H), 4.32-4,35 (m, 1 H), 
4.18 (d, J=3.0 Hz, 1 H), 3.93-4.00 (m, 1 H), 3.95, (s, 3 H). 3.77-3.85 (m,2 H), 3.43- 
3.48 (m. 1 H), 3.27 (t, J=5.1 Hz, 1 H), 3.03 (d, J=4.4 Hz, 1 H), 2.73-2.83 (m, 2 H), 
2.55 ( t, J=8.3 Hz, 1 H). 2.34-2.43 (m, 3 H), 1.93-1.98 (m, 1 H), 1.66 (s, 3 H), 1.52 (s, 
5 6 H), 1.14(s, 3 H). LC-MS (IvT-hl) (EI) 821.5. 

Step G 

(a/?,Y5,25)-A'^-[(35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-Y-hydroxy-4- 
[l-[5-(5-methoxy-3-pyridinyl)-2-oxazolyl]-l-niethylethyl]-a-(phenylmethyl)-2- 
10 [[(2,2,2-trifluoroethyl)arnino]cartx)nyl]-l-piperazinepentanamide 

To a solution of the penultimate (33.6 g, 41 mmol) from the previous 
step in methanol (300 mL) was added hydrogen chloride in ether (1 N, 205 mL, 205 
mmol) at 0 °C. It was warmed to room temperature and stirred for 10 hours. The 

15 reaction was monitored by LC-MS. After the reaction was done, excess of ammonia 
in methanol was added. The solvents were removed under vacuum. The residue was 
purified by flash column chromatography on silica gel with ethyl acetate / methanol 
=50/1 as eluant to get the title compound as a white solid. 'H NMR (CD3OD, 500 
Hz): 5 8.49 (s. I H), 8.22 (d, J=1.6Hz. 1 H). 7.66-7.67 (m, 1 H), 7.20-7.25 (m, 4 H), 

20 7.14-7.17 (m, 1 H), 7.06-7.10 (m, 2 H), 6.80 (t. J=7.6 Hz, 1 H), 6.71 (d, J=8.0 Hz, 1 
H), 5.13 (d, J=3.8 Hz, 1 H), 4.04-4.06 (m, 2 H), 3.92-3.98 ( m, 1 H), 3.94 (s. 3 H), 
3.78-3.82 (m, 1 H), 3.72-3.77 (m, 2 H), 3.06-3.10 (m, I H), 2.96-3.03 (m. 2 H), 2.88- 
2.94 (m, IH). 2.85 (d, J=l 1.2 Hz. 1 H), 2.70-2.77 (m. 2 H), 2.63-2.67 (m, 1 H), 2.44- 
2.50 (m, 1 H). 2.34-2.44 (ra, 4 H), 2.00-2.04 (m. 1 H). 1.60 (s. 3 H), 1.59 (s. 3 H), 

25 1.35-1.38 (m. 1 H). LC-MS (M*+l) (EI) 781.5. 

EXAMPLE 86 

(aR,Y5,2S)-N-[(35.4S)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl]-4-[l-(5-(5- 
30 methyl-3-pyridinyl)-2-oxazolyI]-l-methylethyl]-Y-hydroxy-a-(phenylmethyI)-2- 
[[(2,2.2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide 
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Step A 




5 

Methyl 5-methylnicotinate (28 g, 185.2 mmol) was dissolved in a 
mixture of THF (300mL), methanol (100 mL) and water (100 mL). Lithium hydroxide 
(13.3 g, 555.7 mmol) was added. It was stirred at room temperature for 2 hours. The 
excess lithium hydroxide was filtered off. The filtrate was concentrated to get a white 
10 solid, which was used in the next step without further purification. *H NMR 

(CD3OD, 500 Hz): 5 8.87 (s, 1 H), 8.47 (s, 2 H), 8.17-8.18 (m, 2 H). 2.38 (s, 3H). 

StepB 

O 




To a suspension of the nicotinic acid from the previous step (185.2 
mmol) in methylene chloride (300 mL) was added 4-methyl morpholine (51 mL, 463 
mmol). After stirring at room temperature for 10 minutes, it was cooled to -20 °C. 
Then, isobulyl chloroformate (288 mL, 222.3 mmol) was dropped in. It was stirred at 
20 -20 °C - -10 for one hour. MO-dimethylhydroxylamine hydrochloride (21.7 g, 
185.2 mmol) was added. The reaction solution was warmed to room temperature and 
stirred for 6 hours. It was washed with water (3 x 500 mL) and brine, dried over 
anhydrous sodium sulfate, concentrated, and purified by flash column 
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chromatography on silica gel with hexanes / ethyl acetate =1/1 as eluant to get the title 
compound as a pale sticky solid. *H NMR (CDCI3. 500 Hz): 6 8.76 (d, J=1.4 Hz 1 
H), 8.52 (d, J=1.4 Hz. 1 H), 7.82-7.83 ( m, 1 H), 3.57 (s, 3 H), 3.40 (s, 3 H). 2.40 (s, 
3H). 

5 

StepC 

O 




To a solution of the amide from the previous step (14.2 g, 79 mmol) in 
10 THF (100 mL) was added methyl magnesium bromide (1.4 M, 280 mL, 395 mmol) at 
0 °C. After stirring at 0 °C for 4 hours, the reaction solution was poured into ice. 
Sodium chloride was added to saturation. The aqueous layer was extracted with ethyl 
acetate (2 x 200 mL). The combined organic layer was dried over anhydrous sodium 
sulfate, concentrated, and purified by flash column chromatography on silica gel with 
15 hexanes / ethyl acetate =1/1 as eluant to get the title compound as a yellow oil, which 
was used in the next step directly. LC-MS (M*+l) (EI) 136.3. 

StepD 




20 

To a solution of the methylketone from the previous step (11.7 g, 86.8 
mmol) and hydroxylamine hydrochloride (7.3 g, 104.2 mmol) in ethanol (100 mL) 
was added sodium hydroxide (5.2 g, 130.2 mmol). After refluxing for 2 hours, it was 
concentrated. The residue was washed with cooled water and dried on high vacuum 
25 over night to get the title compound as a white solid. *HNMR(DMSO,500Hz): 6 
8.62 (s. 1 H), 8.38 (s, 1 H). 7.80 ( s, 1 H). 2.30 (s, 3 H), 2.15 (s. 3 H). 

StepE 
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A solution of the oxime from the previous step (6.01 g, 40 mmol) and 
/7-toluenesulfonyl chloride (9.6 g. 50 mmol) in anhydrous pyridine (25 mL) was 
5 stirred at room temperature for 24 hours to get some precipitate. Cooled water (1 L) 
was added to see the dissolving of the original precipitate and the formation of a new 
precipitate. It was stirred for one hour and filtered. The solid collected was dried 
under high vacuum to constant weight to get the title compound as a white solid. 'H 
NMR (CDCI3. 500 Hz): 5 8.63 (s, 1 H), 8.41 (s, 1 H), 7.95 (d, J=8.0 Hz, 2 H), 7.80- 
10 7.81 ( m, 1 H), 7.38 (d, J=8.0 Hz, 2 H), 2.47 (s, 3 H), 2,36 (s, 3 H), 2.21 (s, 3 H). 

StepF 




15 To a solution of the tosylamide from the previous step (4.82 g, 15.8 

mmol) in ethanol (40 mL) was added potassium ethoxide (1.41 g, 16.3 mmol) at 0 OC. 
It was slowly wanned to room temperature at which it was stirred for 2 hour. It was 
then diluted with anhydrous ether ( 500 mL) and filtered. To the Filtrate HCl gas was 
bubbled in for 30 minutes to get a cloudy mixture. It was concentrated. The residue 

20 was distributed between methylene chloride (500 mL) and 1 N potassium hydroxide 
solution ( pH=10). The organic layer was concentrated to get the titled compound as a 
brown sticky solid. iH NMR (CDCI3, 500 MHz): 6 8.55 (d, J=L8 Hz, 1 H) , 8.40 (d, 
J=1.4 Hz, 1 H), 7.64 (d, J=0.8 Hz, IH), 3.38-3.53 (m, 4 H), 3.02 (s, 2 H), 1.24 (t, 
J=7.0 Hz,6H). 

25 

StepG 
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A solution of the carboxylic acid from the Example 66, Step D (1.5 g, 



3.09 mmol), 0-benzoltriazol-l-iV,A^,7V\A^ -tetramethyluronium hexafluorophosphate 
5 (2.8 g, 7.42 mmol), 1-hydroxybenzotriazol hydrate (1.0 g, 7.42 mmol) and 

diisipropylethylamine (2.7 mL, 15.45 mmol) in DMF (10 mL) was stirred at room . 
temperature for half hour. The aminoacetal from the previous step (833 mg , 3.71 
mmol) was added. After stirring at room temperature for 24 hours, the reaction 
solution was distributed between ethyl acetate (200 mL ) and water (200 mL). The 
10 organic layer was washed with water (200 mL) and brine. It was dried over anhydrous 
sodium sulfate, concentrated and purified by flash column chromatography on silica 
gel with ethyl acetate as eluant to give the title compound as a white solid. iH NMR 



(CDCI3, 400 MHz): 6 8.69 (d, J=4.0. 1 H). 8.33 (s, 1 H), 7.84 (s, 1 H), 6.63 (t, J=6.1 
Hz, 1 H), 5.89- 5.99 (m, 1 H), 5.26-5.35 (m, 2 H), 4.65 (d, J=4.8 Hz, 3 H), 4.19 (dd, 
15 J=8.0, 13.6 Hz, 1 H), 3.92 ( broad s, 2 H), 3.57-3.68 (m, 3 H), 3.27-3.40 (m, 3 H), 
2.82 (s, 2 H), 2.79 ( broad s, 1 H), 2.49 (d, J=5.6 Hz, 1 H), 2,29 (dd, J=4.0, 8.0 Hz, 1 
H), 2.14 (dt, J=3.2, 1 1.6 Hz, 1 H), 1.18-1.25 (2t, J=7.2 Hz, 6 H), 1.04 (s, 3H), 0.95 (s, 
3H). 

20 Step H 
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To a solution of the ketal from the previous step (2.1 g, 3.40 ininol) in 
THF (10 niL) was added hydrochloric acid (6 N. 10 mL). After stirring at 50 ^^C for 8 
hours, the reaction solution was diluted with ethyl acetate (200 mL) and washed with 
1 N potassium hydroxide solution. The organic layer was dried over anhydrous 
5 sodium sulfate, concentrated and purified by flash column chromatography on silica 
gel with ethyl acetate as eluant to give the title compound as a white solid. LC-MS 
(M^+1) (EI) 588.4. 

Step! 



10 




The ketoamide from the previous step (1.0 g, 1 .95 mmol) was treated 
with fuming sulfuric acid ( 20 % free SO3, 4 mL) at 60 °C for 10 minutes. It was 
poured into excess ice. Solid potassium hydroxide was added while stirring till pH = 

15 12. It was extracted with ethyl acetate ( 5 x 300 mL). The combined organic layer 
was dried over anhydrous sodium sulfate, concentrated, and purified by flash column 
chromatography on silica gel with ethyl acetate / methanol =10/1 as eluant to get the 
title compound as a white solid. NMR (CDCI3, 500 Hz): 5 8.71 (d, J=2.0 Hz, 1 
H), 8.42 (d, J=1.8 Hz, 1 H), 8.10-8.12 (m, I H), 7.71 (broad s, 1 H), 7.33 (s, 1 H), 

20 3,91-4.00 (m, 2 H), 2.51-3.54 (m, 1 H), 2.82-2.99 (m, 3 H), 2.78-2.81 (m, 1 H). 2.53- 
2.63 (m, 2 H), 2.42 (s, 3 H), 1.61 (s, 3 H), 1.60 (s, 3 H). 

Step J 
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A solution of the oxazole from the previous step (320 ing, 0.78 mmol) 
and the epoxide from Example 1, Step P (306 mg, 0.78 mmol) in ethanol (10 mL) was 
refluxed for 2 days. After the solvent was removed, the residue was purified by flash 
5 column chromatography on silica gel with ethyl acetate / methanol =20/1 as eluant to 
get the title compound as a white solid. LC-MS (NT+l) (EI) 805.4 

StepK 

(0tR,Y5,25)-A^-[(35,45)O,4.dihydro-3-hydroxy-2/f-l-benzopyran^^^^ 
10 methyl-3-pyridinyl)-2-oxazolyl]- 1 -methylethyl]-Y-hydroxy-a-(phenylmethyI)-2- 
[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-pipera2inepentanamide 

To a solution of the penultimate from the previous step (220 mg, 0.27 
nunol) in methanol (10 mL) was added hydrogen chloride in ether (1 N, 1.4 mL, 1.4 

15 mmol) at 0 °C. It was warmed to room temperature and stirred for 12 hours. The 
reaction was monitored by LC-MS. After the reaction was done, excess ammonia in 
methanol was added. The solvents were removed under vacuum. The residue was 
purified on preparative TLC (2000 microns, ethyl acetate / methanol =10/1 as eluant) 
to get the title compound as a white solid. 'H NMR (CD3OD, 500 Hz): 5 8.70 (d, 

20 J=1.8 Hz. 1 H), 8.36 (d, J=1.3 Hz, 1 H), 7.97 (broad s, 1 H), 7.60 (s, 1 H). 7.15-7.25 
(m, 5 H), 7.05-7.10 (m. 2 H), 6.80 (t. J=7.6 Hz, 1 H), 6.72 (d, J=8.0 Hz, 1 H), 5.13 (d, 
J=4.3 Hz, 1 H), 4.02-4.09 (m, 2 H), 3.92 -3.98 ( m, 1 H), 3.78-3.82 (m, 1 H). 3.72- 
3.77 (m, 2 H), 3.06-3.10 (m, 1 H), 2.96-3.03 (m, 2 H), 2.88-2.94 (m, IH), 2.85 (d, 
J=11.2 Hz, 1 H), 2,70-2.77 (m, 2 H), 2.63-2.67 (m, 1 H), 2.44-2.50 (m, 1 H), 2.34- 

25 2.44 (m, 4 H), 2.42 (s, 3 H), 2.00-2.04 (m, 1 H), 1.60 (s, 3 H), 1.59 (s, 3 H), 1.35-1.38 
(m, 1 H). LC-MS (M^+1) (EI) 765.4. 



EXAMPLE 87 

30 (a/f,YS,25)-iV-[(35.45)-3,4-dihydro-3-hydroxy-2f/-l-benzopyran-4-yi]-4-[l-[5-(5- 
hydroxy-3-pyridinyl)-i2-oxazolyl]-l-methylethyl]-Y-hydroxy-a-(phenylmethyI)-2- 
[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide 
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Step A 




10 



To a solution of the methylketone from Example 77, Step B (35 g, 175 
mmol) and hydroxylamine hydrochloride (18.3 g, 263 mmol) in ethanol (200 mL) was 
added sodium hydroxide (10.5 g, 263 mmol). After lefluxing for one hour, it was 
concentrated. The residue was washed with cooled water. The solid collected was 
dried under high vacuum over night to get the title compound as a white solid 'H 
NMRPMSO.500H2): 8 8.78 (d, J=1.9Hz, 1 H). 8.60 (d. J=2.3 Hz. 1 H). 8.26 (t. 
J=2.1 Hz. 1 H). 2.23 (s. 3 H). LC-MS (M*+l) (EI) 215.0. 217.0. 



15 



StepB 




20 



A solution of the oxime from the previous step (46.9 g, 218 mmol) and 
p-toluenesulfonyl chloride (52 g. 272.6 mmol) in anhydrous pyridine (100 mL) was 
stirred at room temperature for 10 hours to get some precipitate. Cooled water (1 L) 
was added to see the dissolving of the original precipitate and the foiroation of a new 
precipitate. It was stirred for one hour and filtered. The solid collected was dried 
under high vacuum to constant weight to get the title compound as a pale solid, 'h 
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NMR (CDCI3, 500 Hz): 5 8.74 (d, J=2.3 Hz, 1 H), 8.73 (d, J=l .8 Hz. 1 H), 8.04- 
8.05 ( m, 1 H), 7.94 (d, J=7.8 Hz, 2 H), 7.38-7.41 (m, 2 H), 2.48 (s. 3 H), 2.38 (s, 3 
H). 

5 Step C 




To a solution of the tosylamide from the previous step (64.8 g, 175.5 
mmol) in ethanol (200 mL) was added potassium ethoxide (15.6 g, 181 mmol) at 0 

10 oc. It was slowly warmed to room temperature at which it was stirred for 10 hour. It 
was then diluted with anhydrous ether ( 1 L) and filtered. To the filtrate HCl gas was 
bubbled in for 30 minutes to get some precipitate. It was filtered. The solid collected 
was distributed between ethyl acetate (1 L) and 1 N potassium hydroxide solution ( 
pH=10). The organic layer was concentrated to get the titled compound as a colorless 

15 oil. iH NMR (CDCI3, 500 MHz): 5 8.66 (d, J=1.8 Hz, 1 H) , 8.65 (d. J=2.3 Hz, 1 

H), 8.01 (d, J=2.1 Hz, IH), 3.37-3.53 (m, 4 H), 3.03 (s, 2 H), 1.26 (t, J=7.0 Hz, 6 H). 
LC-MS OVT+l) (EI) 243.0. 

StepD 



20 




A solution of the carboxylic acid from the Example 66, Step D (6.72 g, 
23.2 mmol), <9-benzoItriazol-l-iV,MA^',iV'-tetramethyluronium hexafluorophosphate 
(17.6 g, 46.45 mmol), l-hydroxybenzotriazol hydrate (6.28 g, 46.45 mmol) and 
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10 



15 



20 



diisipropylethylamine (16.9 mL. 96.8 mmol) in DMF (100 mL) was stin.d at room 
temperature for half hour. The aminoacetal from the previous step (7 38 g 19 4 
mmol) was added. After stirring at room temperatu. for 3 hours, the ..action solution 
was d,stnbuted between ethyl acetate (1 L) and water (1 L). The organic layer was 
washed with water (1 L) and brine. It was dried over anhydrous sodium sulfate 
concentrated and purified by flash column chromatography on silica gel with et'hvl 
acetate as eluant to give the title compound as a whhe solid. iHNl^ (CDC^^^^^^^^ 

m 5.28-5.36 (m. 2 H). 4.67 (broad s. 2 H). 4.60 (d. J=4.5 Hz. 2 H), 4.01-4.11 (n, 1 

H), 3.18-3.26 (m. 1 H). 2.36-2.42 (m, 2 H). 2.13-2.20 (m 1 H), 1.27 (t J=7 1 Hz 2 m 
1.22(T.J=7.2Hz,2H).0.98(s.3H),0.93(s.3H).IX:-MSa:i..l/^^^ 



StepE 



CF, 



rap (20 mL) was added hydrochloric acid (6 N, 20 mL). After stirring at 50 "C for 
10 hours the reaction solution was diluted with ethyl acetate (400 mL) and washed 
with 1 N potassium hydroxide solution. The organic layer was dried over anhydrous 
sodmm sulfate, concentrated and purified by flash column chromatography on silica 
gel with ethyl acetate as eluant to give the title compound as a white solid. LC-MS 
(M*+l) (El) 579.0, 580.0. 



25 StepF 
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The ketoamide from the previous step (3.5 g, 6.05 mmol) was treated 
with fuming sulfuric acid ( 20 % free SO3, 10 mL) at 60 °C for 10 minutes. It was 
5 poured into excess ice. Solid potassium hydroxide was added while stirring till pH = 
12. It was extracted with ethyl acetate ( 5 x 200 mL). The combined organic layer 
was dried over anhydrous sodium sulfate and concentrated to get the title compound 
as a white solid. 'H NMR (CDCI3. 500 Hz): 6 8.79 (d, J=1.6 Hz, 1 H), 8.62 (d, 
J=1.8 Hz, 1 H), 8.06 (broad s, 1 H), 8.03-8.04 (m, 1 H), 7.38 (s, 1 H), 3.91-3.98 (m, 2 
10 H), 2.49-3.52 (m, 1 H), 2.93-2.98 (m, 1 H), 2.87-2.91 (m, 2 H). 2.75-2.79 (m. 1 H). 
2.56-2.58 (m, 2 H), 1.59 (s, 3 H), 1.58 (s, 3 H). LC-MS (M++1) (EI) 477.1, 478.1. 

Step G 




To a solution the oxazole form the previous step (500 mg, 1.05 mmol) 
and l8-crown-6 (1 .4 g, 5.25 mmol) in DMSO (80 mL) was added potassium 
superoxide (522 mg, 7.35 mmol). After stirring at room temperature for 16 hours, it 
was distributed between ethyl acetate (400 mL) and water (200 mL). The organic 
20 layer was dried over anhydrous sodium sulfate and concentrated to give the title 
compound as a white solid. LC-MS (M^+1) (EI) 579.0, 580.0. 

StepH 
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15 



20 



25 



(a/?.Y5.25)-A^-[(35,4iO-3.4-dihydro-3-hydroxy-2//-l-benzopy^ 

hydroxy-3-pyridinyl)-2-oxazolyl]-l-„ethylethyl]-Y-hydroxy-a-(phenyIn,^ 

[[(2.2,2-tnfluoroethyl)amino]carbony]].l-piperazinepentanamide 

• A solution of the oxazole from the previous step (242 mg, 0.58 mmol) 

and the epoxide from Example 1 . Step P (230 mg. 0.58 mmol) in ethanol (10 mL) was 
refluxed for 16 hours. After the solvent was removed, the residue was purified by 
flash column chromatography on silica gel with ethyl acetate / methanol =30/1 as 
eJuam to get a white solid (LC-MS (M%1) (El) 807.4. The solid obtained was 
dissolved in methanol (10 mL) and cooled to 0 °C. Hydrogen chloride in ether (1 N 
0.74 mL. 0.74 mmol) was added and the reaction solution was warmed to room ' 
temperature at which it was stirred for 10 houn.. The solvent was removed under 
vacuum^The residue was distributed between ethyl acetate (100 mL) and potassium 
hydrox.de solution (1 N. 100 mL). The organic layer was dried over anhydrous 
sodmm sulfate, concentrated and purified on preparative TLC (2000 microns, ethyl 
acetate / methanol 10 / 1 as eluant) to give the title compound as a white solid 'h 
NMR(CD3OD.500Hz): 5 8.59 (s, 1 H). 8.37 (s, 1 H).'8.07 (s. 1 H). "itl l!^ 
7.94 (s. 1 H). 7.16-7.28 (m. 5 H). 7.05-7.15 (m. 2 H). 6.82 (t. J=7.8 Hz. 1 H) 6 72 (d 
J=7.8 Hz, 1 H). 5.13 (d. J=4.3 Hz. 1 H). 4.02-4.09 (m. 2 H), 3.92-3 98 m 7h) 3 78* 
3.82 (m. 1 H). 3.72-3.77 (m, 2 H). 3.06-3.10 (m. 1 H). 2.96-3.03 (m, 2 H). 2 88-^ 94 
m. IH). 2.85 (d. J=l 1.2 Hz. 1 H). 2.70-2.77 (m. 2 H), 2.63-2.67 (m, 1 H 2 44-2 50 
m^l H) 2.34-2.44 (m. 4 H). 2.42 (s, 3 H). 2.00-2.04 (m. 1 H). 1 .60 (s. 3 H)! 1 59 (s 
3 H). 1.35-1.38 (m. 1 H). LC-MS (NT+l) (ED 767.5. 

EXAMPLE 88 

2-H(2A2-tnfIuor«thyl)aminolcarbonyI)-l-pipc„zi„epe„,a„amide 
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F H 



O 




.0 



Step A 



Br 




OH 



5 



To a solution of furfurylamine (180 g» 1.85 mol) in water (500 mL) and 



hydrobromic acid (48 %, 143 mL) at -20 °C was added bromine dropwise in 6 hours. 
After the addition, it was stirred at -20 - -10 °C for 12 hour. Nitrogen was blew 
through the reaction mixture for one hour followed by the addition of saturated 

10 potassium hydroxide solution till pH=l . It was heated to reflux for 15 minutes and 
cooled to 80 ^C. Additional saturated potassiuim hydroxide solution was applied to 
bring the pH value to about 5.S. It was filtered. The black solid collected was dried 
under high vacuum and washed with boiling methanol. The methanol washes was 
concentrated to get the title compound as a brown solid. NMR {CDjQD, 500 Hz): 

15 5 8.10 (d, J=1.8 Hz. 1 H), 8.07 (d, J=2.5 Hz, 1 H), 7.42-7.43 (m, 1 H). LC-MS 
(M*+l) (El) 173.0, 175.0. 



thermometer, a dry ice condenser and a gas inlet was charged with the 
hydroxylpyridine from the previous step (50 g, 289 mmol), sodium hydroxide (70 g, 
1.73 mol), water (250 mL) and 1 ,4-dioxane (250 mL). Vacuum was applied for 2 
25 minutes. It was heated to 60 and vacuum was applied again for 2 minutes. Then, 



StepB 




20 



A 3-neck round bottom flask equipped with a stirring bar, a 
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difluorochloromethame was bubbled in for 12 hours. The reaction was monitored by 
LC-MS, When the start material was converted by about 80%, water (1 L) was 
added. It was extracted with ethyl acetate (3 x IL). The organic layer was dried over 
anhydrous sodium sulfate, concentrated and purified by flash column chromatography 
5 on silica gel with hexanes / ether = 5 / 1 as eluant to give the title compound as a 
coloriess oil. NMR (CD3OD, 500 Hz): 5 8.58 (d, J=2.1 Hz, 1 H), 8.44 (s,l H), 
7.69 (d. J=4.6 Hz. 1 H), 6.58 (t, J=72.1 Hz, IH). LC-MS (MVI) (EI) 224.0, 226.0. 

StepC 

10 ' ° ' 

To a solution of bromopyridine from the previous step (4.5 g, 20.2 
mmol) in anhydrous THF (30 niL) was added isopropyl magnesium chloride (2.0 M in 
THF, 26.2 mL, 13.1 mmol) at room temperature. After it was stirred for one hour A^- 

1 5 (tert-butoxycarbonyl)glycine iV'-methoxy-A^'-methylamide (2.2 g, 1 0. 1 mmol) was 
added. It was stirred at room temperature for 4 hours. Then, it was diluted with ethyl 
acetate (300 mL) and washed with water (200 mL). The organic layer was dried over 
anhydrous sodium sulfate, concentrated, and purified by flash column 
chromatography on silica gel with ethyl acetate as eluant to get the title compound as 

20 a white solid. 'H NMR (CDCI3. 500 Hz): 5 9.05 (d, J=1.6 Hz, 1 H), 8.33 (d, J=2.8 
Hz, 1 H), 8.04-8.05 ( m, 1 H), 6.65 (t, J=71.9 Hz, 1 H), 4.70 (d, J=4.8 Hz, 2 H), 1.38 
(s, 9 H). LC-MS (NT+l) (EI) 303.1. 

StepD 



25 
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The protected aminoketone from the previous step (2.2 g, 7.28 mmol) 
was treated with a solution of 20% TFA in methylene chloride (20 mL) at room 
temperature for 6 hours. It was concentrated to get a brown gum, which was dissolved 
5 in DMF (20 mL). The carboxylic acid form Example 66, Step D (2.8 g, 7.28 mmol), 
PyBop (7.6 g, 14.6 nnmol) and HOAt (2.0 g, 14.6 m mol) was added. After it was 
stirred at room temperature for 20 minutes, iV,iV-diisopropyl ethylamine (7.6 mL, 43.7 
mmol) was added. After stirring at room temperature for 10 hours, it was diluted with 
methylene chloride (300 mL) and washed with water (150 mL), 1 N potasium 

10 hydroxide solution (100 mL) and brine. The organic layer was dried over anhydrous 
sodium sulfate, concentrated, and purified by flash column chromatography on silica 
gel with ethyl acetate as eluant to get the title compound as a yellow solid. 'H NMR 
(CDCI3, 500 Hz): 5 9.06 (d, J=1.8 Hz, 1 H), 8.71 (d, J=2.3 Hz. I H), 8.44 (broad s, 
1 H), 8.02-8.03 ( m, 1 H), 6.70 (broad s, 1 H). 6.64 (t, J=72.1 Hz, 1 H), 5.94 (broad 

15 s, 1 H), 5.27-5.41 (m, 2 H), 4.87 ( broad s, 1 H), 4.82 (s, 1 H), 4.67 (d, J=4.5 Hz, 2 
H), 4.57 ( d, J=18.3 Hz, 1 H), 4.05-4.14 (m, 2 H), 3.66 ( d, J=1L2 Hz, 1 H), 3.20-3.30 
(m, 1 H), 2.90 ( d, J=10.8 Hz, 1 H), 2.45 (d, J=9.3 Hz, 1 H), 2.35-2.37 (m, 1 H), 1.30 
(s,3H), 1.28 (s, 3 H). LC-MS (M*+l) (EI) 566.2. 

20 Step E 




The ketoamide from the previous step (2.1 g, 3.7 mmol) was treated 
with fuming sulfuric acid ( 20 % free SO3, 10 mL) at 60 °C for 10 minutes. It was 
25 poured into excess ice. Solid potassium hydroxide was added while stirring till pH = 
12. It was extracted with ethyl acetate ( 5 x 100 mL). The combined organic layer was 
dried over anhydrous sodium sulfate and concentrated to get the title compound as a 
white solid. *H NMR (CDCI3. 500 Hz): 5 8.79 (d. J=1.8 Hz, 1 H), 8.47 (d. J=2.5 
Hz, 1 H), 8.02-8.03 (m, 1 H), 7.69-7.70 (m, 1 H), 6.65 (t, J=72.3 Hz, 1 H), 3.94-3.99 
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5 



(m, 2 H), 3.51-3.53 (m, 1 H), 2,96-2.98 (m, 1 H), 2.89-2.93 (m, 2 H), 2.78-2.81 (m. 1 
H), 2.57-2.61 (m, 2 H), 1 .62 (s, 3 H), 1.61 (s, 3 H). LC-MS (M*+l) (EI) 464.2. 

StepF 

(a«,Y5,25)-4-[l-[5-[5-(difluoromethoxy)-3-pyridinyl]-2-oxazolyl]-l-methylethyl]-Ar- 
[(35,45)-3,4-dihydro-3-hydroxy-2//-I-benzopyran-4-yl]-Y-hydroxy-a-(phenylmethyl)- 
2-t[(2,2,2-trifluoroethyI)annino]carbonyI] -l-piperazinepentanamide 

A solution of the oxazole from the previous step (1.08 g, 2.33 mmol) 
10 and the epoxide from Example 1 , Step P (916 mg, 2.33 mmol) in ethanol (20 raL) was 
refluxed for 28 hours. After the solvent was removed, the residue was purified by 
flash column chromatography on silica gel with ethyl acetate / methanol =30/1 as 
eluant to get a white solid. (LC-MS dvr+l) (EI) 857.4. The solid obtained was 
dissolved in methanol (10 mL) and cooled to 0 °C. Hydrogen chloride in ether (1 N, 

15 6.8 mL, 6.8 mmol) was added and the reaction solution was warmed to room 
temperature at which it was stirred for 12 hours. The solvent was removed under 
vacuum. The residue was distributed between ethyl acetate (100 mL) and potassium 
hydroxide solution (1 N, 100 mL). The organic layer was dried over anhydrous 
sodium sulfate, concentrated and purified on preparative HPLC to give the title 

20 compound as a white solid. 'H NMR (CD3OD, 500 Hz): 8 8.79 (d, J=1.6 Hz, 1 H), 
8.41 (d, J=2.6 Hz, 1 H). 7.91-7.92 (m, 1 H). 7.69 (s, 1 H), 7.14-7.25 (m, 5 H), 7.03- 
7.10 (m. 2 H), 6.80 (t. J=7.5 Hz, 1 H), 6.71 (d, J=8.0 Hz. 1 H), 5.13 (d, J=4.0 Hz. 1 
H). 4.02-4.09 (m, 2 H). 3.91-3.98 ( m, 1 H). 3.78-3.84 (m. 1 H). 3.71-3.76 (m. 2 H), 
3.07-3.11 (m, 1 H), 2.95-3.04 (m. 2 H), 2.88-2.94 (m. IH), 2.85 (d, J=11.2 Hz, 1 H). 

25 2.70-2.78 (m, 2 H), 2.63-2.68 (m, 1 H). 2.45-2.49 (m, 1 H), 2.34-2.44 (m, 4 H), 1 .98- 
2.04 (m, 1 H). 1.60 (s, 3 H), 1.59 (s. 3 H), 1.35-1.38 (m, 1 H). LC-MS (MVI) (EI) 
817.4. 



EXAMPLE 89 

(a/f,YS.25)-4-[l-[5-[5-(difluoromethyl)-3-pyridinyl]-2-oxazolyl]-l-methylethyl]-Ar- 

[(35.45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-y]J-Y-hydroxy-a-(phenylmethyl)- 

2-[[(2,2,2-trifluoroethyl)amino]carbonyll-l-piperazinepentanamide 
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Step A 




5 

To a solution of the bromopyridine from Example 59, Step D (1 g, 5.38 
mmol) in methylene chloride (10 mL) was added [bis(2-methoxyethyl)amino]sulfur 
trifluoride (1.5 mL, 8.06 mmol). After stirring at room temperature for two hours, it 
was washed with potassium hydroxide solution (1 N, 50 mL). The organic layer was 
10 dried over anhydrous sodium sulfate, concentrated and purified by flash column 
chromatography on silica gel with hexanes / ether = 2 / 1 as eluant to give the title 
compound as a white crystal. NMR (CDCI3, 500 Hz): 5 8.84 (s, 1 H), 8.71 (s, 1 
H), 8.03 (s, 1 H), 7.73 (dt. J=2.1, 53.0 Hz. 1 H). LC-MS (NT+l) (EI) 208.0, 210.0 

15 Step B 

To a solution of bromopyridine from the previous step (1 .58 g, 7.63 
mmol) in anhydrous THF (20 mL) was added isopropyl magnesium chloride (2.0 M in 
20 THF, 4.96 mL, 9.92 mmol) at room temperature. After it was stirred for one hour A^- 
(/er/-butoxycarbonyl)glycine iV'-methoxy-A^'-methylamide (833 mg, 3.82 mmol) was 
added. It was stirred at room temperature for 10 hours. Then, it was diluted with 
ethyl acetate (300 mL) and washed with water (200 mL). The organic layer was dried 
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over anhydrous sodium sulfate, concentrated, and purified by flash column 
chromatography on silica gel with ethyl acetate as eluant to get the title compound as 
a yellow solid, LC-MS (NT+I) (EI) 287.2. 

5 Step C 




The protected aminoketone from the previous step (1.0 g, 3.49 mmol) 
was treated with a solution of 20% TFA in methylene chloride (10 mL) at room 

10 temperature for 6 hours. After the solvent was removed, the residue was dissolved in 
DMF (10 mL). The carboxylic acid form Example 66, Step D (1.33 g, 3.49 mmol), 
PyBop (3.63 g, 6.98 mmol) and HOAt (0.95 g. 6.98 mmol) was added. After it was 
stirred at room temperature for 20 minutes, iV.N-diisopropyl ethylamine (3.65 mL, 21 
mmol) was added. It was stirred at room temperature for 10 hours and then, diluted 

15 with methylene chloride (200 mL) and washed with water (100 mL), 1 N potasium 
hydroxide solution (100 mL) and brine. The organic layer was dried over anhydrous 
sodium sulfate, concentrated, and purified by flash column chromatography on silica 
gel with ethyl acetate as eluant to get the title compound as a yellow solid. LC-MS 
(NT+l) (ED 550.5. 

20 

StepD 
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The ketoamide from the previous step (1.1 g, 2.0 mmol) was treated 
with fuming sulfuric acid ( 20 % free SO3, 3 mL) at 60 °C for 10 minutes. It was 
poured into excess ice. Solid potassium hydroxide was added while stirring till pH = 
12. It was extracted with ethyl acetate ( 5 x 100 mL). The combined organic layer was 
5 dried over anhydrous sodium sulfate and concentrated to get the title compound as a 
white solid. NMR (CDCI3, 500 Hz): 5 9.02 (s. 1 H), 8.73 (s, 1 H), 8.05-8.06 (m, 
1 H), 8.03-6.04 (m, 1 H), 7,45 (s, 1 H), 6.80 (t, J=56.0 Hz, 1 H). 3.94-3.99 (m, 2 H). 
3.51-3.53 (m, 1 H). 2.96-2.98 (m, 1 H), 2.89-2.93 (m, 2 H), 2.78-2.81 (m, 1 H), 2.57- 
2.61 (m, 2 H), 1.62 (s, 3 H), 1.61 (s, 3 H). LC-MS (M*+l) (EI) 447.2. 

10 

StepE 

(a/?,Y5,2S)-4-[l-[5-[5-(difIuoromethyl)-3-pyridinyl]-2-oxazolyl]-l-methylethyl]-iV- 
[(35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-Y-hydroxy-a-(phenylmethyl)- 
2-[ [(2 ,2,2-trifluoroethyl)amino]carbony I]- 1 -piperazinepentanamide 

15 

A solution of the oxazole from the previous step (330 mg, 0.74 mmol) 
and the epoxide from Example 1, Step P (290 mg, 0.74 mmol) in ethanol (20 mL) was 
refluxed for 20 hours. After the solvent was removed, the residue was purified by 
flash column chromatography on silica gel with ethyl acetate / methanol = 30/1 as 

20 eluant to get a white solid. (LC-MS (M^+1) (EI) 841.4. The solid obtained was 

dissolved in methanol (10 mL) and cooled to 0 °C. Hydrogen chloride in ether (1 N, 
2.0 mL, 2.0 mmol) was added and the reaction solution was wanned to room 
temperature at which it was stirred for 12 hours. The solvent was removed under 
vacuum. The residue was distributed between ethyl acetate (100 mL) and potassium 

25 hydroxide solution (1 N, 100 mL). The organic layer was dried over anhydrous 
sodium sulfate, concentrated and purified on preparative HPLC to give the title 
compound as a white solid. NMR (CD3OD, 500 Hz): 5 9.07 (s, 1 H), 8.72 (s, 1 
H), 8.29 (s, IH), 7.74 (s, 1 H), 7.14-7.25 (m, 5 H), 7.03-7.10 (m, 2 H), 6.80 (t, J=7.5 
Hz, 1 H). 6.71 (d, J=8.0 Hz. 1 H), 5.13 (d, J=4.0 Hz, 1 H), 4.02-4.09 (m, 2 H), 3.91- 

30 3.98 ( m, 1 H), 3.78-3.84 (m, 1 H), 3.71-3.76 (m, 2 H), 3.07-3.11 (m, 1 H), 2.95-3.04 
(m, 2 H), 2.88-2.94 (m, IH). 2.85 (d, J=11.2 Hz. 1 H), 2.70-2.78 (m, 2 H), 2.63-2.68 
(m, 1 H). 2.45-2.49 (m, 1 H). 2.34-2.44 (m. 4 H). 1.98-2.04 (m, 1 H). 1.60 (s, 3 H), 
1.59 (s, 3 H), 1.35-1.38 (m. 1 H). LC-MS (M%1) (EI) 801.4 

35 
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EXAMPLE 90 

(a/?,YJ,2S)-iV-[(35,45>3,4-dihydro-3-hydroxy-2/f-l-benzopyran-4-yI]-4-[l-[5-(2- 

fluorophenyl)-2-oxazolyl]-l-methylethyl]-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2- 
trifIuoroethyl)ainino]carbonyl]-l-piperazine-pentanamide 




^" To a solution of 2'-fluoroacetophenone (40 g, 290 mmol) and 

hydroxylamine hydrochloride (30.2 g, 434 mmol) in ethanol (200 mL) was added 
sodium hydroxide (17.4 g, 434 mmoJ). After refluxing for 12 hour, it was 
concentrated. The residue was washed with cooled water and dried on high vacuum 
overnight to get the tiUe compound as a white solid. 'H NMR (CD3OD 400 Hz): 5 

15 7.44 (dt. J=1.6. 7.5 Hz. 1 H). 7.36-7.40 (m, 1 H). 7.16 ( t. J=7.5 Hz. 1 H). 7.12 (dd, 
J=8.5, 11.2 Hz, 1 H). 2.21 (d, J=2.3 Hz. 3 H). LC-MS (M*+l) (EI) 154.1 

StepB 




20 

A solution of the oxime from the previous step (42.0 g, 273.4 mmol) 
andp-toluenesulfonyl chloride (65.2 g, 341.7 mmol) in anhydrous pyridine (100 mL) 
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was stirred at room temperature for one hours to get some precipitate. Cooled water (1 
L) was added to see the dissolving of the original precipitate and the formation of a 
new precipitate. It was stirred for one hour and then filtered, the resulting solid was 
washed with cooled water and dried under high vacuum to constant weight to get the 
5 title compound as a pale solid. NMR (CDCI3, 400 Hz): 5 7.93 (d, J=7.8 Hz, 2 
H), 7.34-7.45 (m, 4 H), 7.15 ( dt, J=1.0. 7.6 Hz, 1 H). 7.07-7.12 (m, 1 H). 2.46 (s, 3 
H), 2.38 (d, J=1.8 Hz, 3 H). 

Step C 



10 




To a solution of the tosylamide from the previous step (63.9 g, 207.9 
mmol) in ethanol (100 mL) was added potassium ethoxide (18.8 g, 218.3 mmol) in 
ethanol (800 mL) at 0 OC. It was slowly warmed to room temperature at which it was 

15 stirred for one hour to see a precipitate. It was then diluted with anhydrous ether ( 1 
L) and filtered. To the filtrate hydrogen chloride gas was bubbled in for 30 minutes to 
get some white precipitate. It was concentrated. The residue was distributed between 
ethyl acetate (1 L) and 1 N potassium hydroxide solution (pH=10). The organic layer 
was concentrated and vacuum distilled to get the titled compound as a colorless oil. 

20 iH NMR (CDCIs, 400 MHz): 5 7.73 (dt, J=1.8,7.8 Hz, 1 H) , 7.30-7.35 (m, 1 H), 

7.16 (dt, 1=1.4. 7.8 Hz, IH), 7.02-7.08 (m, i H). 3.37-3.54 (m. 4 H), 3.15 (s, 2 H), 
1.25 (t, J=7.0 Hz, 6 H). LC-MS (M^+1) (EI) 182.2, 228.2. 

StepD 
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A solution of the carboxylic acid from the Example 66, Step D (1.5 g, 
3.09 mmol), C>-benzoltriazol-l-N,Ar.iV'.A^'-tetramethyluronium hexafluorophosphate 
5 (2.8 g, 7.42 mmol), 1 -hydroxybenzotriazol hydrate ( 1 .0 g, 7.42 mmol) and 

diisipropylethylamine (2.7 mL, 15.5 mmol) in DMF (10 mL) was stirred at room 
temperature for half hour. The aminoacetal from the previous step (844 mg , 3.71 
mmol) was added. After stirring at room temperature for 10 hours, the reaction 
solution was distributed between ethyl acetate (500 mL ) and water (500 mL). The 

10 organic layer was washed with water (500 mL) and brine. It was dried over anhydrous 
sodium sulfate, concentrated and purified by flash column chromatography on silica 
gel with hexanes / ethyl acetate = 3 / 1 as eluant to give the title compound as a white 
solid. IH NMR (CD3OD. 400 MHz): 7.66 (dt, J=1.6. 7.8 Hz, 1 H), 7.31-7.37 (m, 1 
H), 7.21 (broad s, 1 H). 7.10-7.14 (m, 1 H), 7.01-7.07 (m. 1 H), 5.28-5.36 (m, 2 H), 

15 4.67 (broad s, 2 H). 4.60 (d, J=4.5 Hz, 2 H), 4.01-4.1 1 (m, 1 H), 3.92 (d, J=12.7 Hz, 1 
H), 3.76-3.86 (m, 1 H), 3.40-3.67 (m, 3 H), 3.28-3.32 (m. 1 H), 3.18-3.26 (m, 1 H), 
2.36-2.42 (m, 2 H). 2.13-2.20 (m 1 H), 1.27 (t, J=7.2 Hz, 2 H), 1.18 (T. J=7.2 Hz. 2 
H), 0.99 (s, 3H). 0.88 (s, 3 H). LC-MS (M++1) (EI) 591.2, 544.2. 

20 StepE 
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To a solution of the ketal from the previous step (1.4 g, 2.37 mmol) in 
THF (10 mL) was added hydrochloric acid (6 N, 20 nriL). After stirring at 50 T for 
10 hours, the reaction solution was diluted with ethyl acetate (200 mL) and washed 
5 with 1 N potassium hydroxide solution. The organic layer was dried over anhydrous 
sodium sulfate, concentrated and purified by flash column chromatography on silica 
gel with hexanes / ethyl acetate =1 / 2 as eluant to give the title compound as a white 
solid. IH NMR (CDCI3, 400 MHz): 8.42 (broad s, 1 H), 7.93 (dt, J=1.8, 7.6 Hz. 1 H), 

7.55-7.61 (m, 1 H), 7.22-7.30 (m, 1 H), 7.15-7.22 (m, 1 H), 6.65 (broad s, 1 H), 5.95 
10 (broad s, 1 H). 5.28-5.36 (m, 2 H), 4.67 (broad s, 2 H). 4.60 (d. J=4.5 Hz, 2 H). 4.01- 
4.11 (m, 1 H), 3.92 (d, J=12.7 Hz, 1 H), 3.76-3.86 (m, 1 H), 3.40-3.67 (m, 3 H), 3.28- 
3.32 (m. 1 H), 2.87 (d, J=11.2 Hz, 1 H), 2.44 (dd, J=3.7, 11.8 Hz, 1 H), 2.33 (dt, 
J=3.3, 11.8 Hz 1 H), 1.29 (s, 3H). 1.26 (s. 3 H). LC-MS (M++1) (EI) 517.5. 

15 StepF 




Sulfuric acid ( double distilled, 8 mL) was treated with phosphorus 
pentoxide (651 mg, 2.3 mmol) and added to the ketoamide from the previous step 

20 (790 mg, 1.53 mmol). After stirring at 100 for 10 minutes the reaction solution 
was poured into excess ice. Solid potassium hydroxide was added while stirring till 
pH = 12. It was extracted with ethyl acetate ( 5 x 200 mL). The combined organic 
layer was dried over anhydrous sodium sulfate, concentrated and purified by flash 
column chromatography on silica gel with ethyl acetate / methanol =10/1 as eluant to 

25 get the title compound as a white solid. 'H NMR (CDCI3, 400 Hz): 5 8.19 (broad s, 
1 H), 7.73 (dt, J=1.8, 7.6 Hz. 1 H), 7.40 (d, J=3.9 Hz, 1 H). 7.30-7.36 (m, 1 H), 7.15- 
7.27 (m, 2 H), 3.91-3.98 (m, 2 H), 2.49-3.52 (m, 1 H), 2.93-2.98 (m, 1 H), 2.87-2.91 
(m, 2 H), 2.75-2.79 (m, 1 H), 2,56-2.58 (m. 2 H), 1.61 (s, 3 H), 1,60 (s, 3 H). LC-MS 
(M++1)(EI) 415.2. 
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StepG 

(a/f,Y5,25)-A^-[(3MS)'3,4-dihydro-3-hydroxy-2//-l-ben2opyran-4-yIH^ 
fluorophenyl)-2-oxa2olyl]4-niethylethyl]-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2- 
5 trifluoroethyl)amino]carbonyl]-l-piperazine-pentanamide 

A solution of the oxazole from the previous step (330 mg, 0.80 mmol) 
and the epoxide from Example 1, Step P (344 mg, 0.80 mmol) in ethanol (15 mL) was 
refluxed for 14 hours. After the solvent was removed, the residue was purified by 

10 flash column chromatography on silica gel with hexanes / ethyl acetate = 1/2 as eluant 
to get a pale solid. (LC-MS (NT+l) (EI) 808.4. The solid obtained was dissolved in 
methanol (10 mL) and cooled to 0 ^C. Hydrogen chloride in ether (1 N, 1.90 mL, 1.90 
mmol) was added and the reaction solution was wanned to room temperature at which 
it was stirred for 12 hours. The solvent was removed under vacuum. The residue was 

15 purified on preparative HPLC to give the title compound as a white solid. *H NMR 
(CD3OD, 500 Hz): 5 7.79 (dt, J=1.6 7.5 Hz, 1 H), 7.36-7.43 (m, 2 H), 7.19-7.32 (m, 
6 H), 7.13-7.17 (m, IH), 7.05-7.11 (m, 2 H), 6.80 (t, J=7.5 Hz, 1 H), 6.71 (d, J=8.0 
Hz, 1 H), 5.13 (d, J=4.0 Hz, 1 H), 4.02-4.09 (m, 2 H), 3.91-3.98 ( m, 1 H), 3.78-3.84 
(m, 1 H), 3.71-3.76 (m, 2 H), 3.07-3.11 (m, 1 H), 2.95-3.04 (m, 2 H), 2.88-2.94 (m, 

20 IH), 2.85 (d, J=l 1.2 Hz. 1 H). 2.70-2.78 (m, 2 H), 2.63-2.68 (m, 1 H). 2.45-2.49 (m, 1 
H), 2.34"'2.44 (m, 4 H), 1.98-2.04 (m, 1 H), 1.60 (s, 3 H), 1.59 (s, 3 H). 1.35-1.38 (m, 
1 H). LC-MS (M*+l) (ED 768.4 



25 EXAMPLE 91 

(Ot/?,YS,25)-yV-[(35,45)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl]-4-[l-[5-(3- 
fluorophenyl)-2-oxazolyl]-l-methylethyl]-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide 
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Step A 




5 

To a solution of 3'-fluoroacetophenone (35 g, 253,4 mmol) and 
hydroxylamine hydrochloride (26.4 g. 380 mmol) in ethanol (200 mL) was added 
sodium hydroxide (15.2 g, 380 mmol). After refluxing for 12 hour, it was 
concentrated. The residue was washed with cooled water and dried on high vacuum 
10 over night to get the title compound as a white solid. NMR (DMSO. 400 Hz): 6 
7.44-4.49 (m, 1 H), 7.37-7.44 (m, 2 H). 7.14-7.20 ( m, 1 H), 2.12 (s, 3 H). LC-MS 
(MVl) (EI) 154.1 

StepB 



15 




A solution of the oxime from the previous step (38.7 g, 252.6 mmol) 
and ;?-toluenesulfonyl chloride (60.2 g, 316 mmol) in anhydrous pyridine (100 mL) 
was stirred at room temperature for one hours to get some precipitate. Cooled water (1 
20 L) was added to see the dissolving of the original precipitate and the formation of a 

-372 - 



J 



wo 01/38332 



PCT/USOO/32089 



new precipitate. It was stirred for one hour and then, filtered, washed with cooled 
water and dried under high vacuum to constant weight to get the title compound as a 
pale solid. NMR (CDCI3, 400 Hz): 5 7.94 (d, J=8.4 Hz, 2 H), 7.35-7.40 (m, 4 
H), 7.29-7.33 (m, 1 H), 7.13-7.17 (m, 1 H), 2.47 (s, 3 H), 2.35 (d, J=1.8 Hz, 3 H). 

5 

StepC 




To a solution of the tosylamide from the previous step (66.0 g, 214.8 
10 mmol) in ethanol (100 mL) was added potassium ethoxide (19.4 g, 225,5 mmol) in 
ethanol (8(X) mL) at 0 oc. It was slowly warmed to room temperature at which it was 
stirred for one hour to see a precipitate. It was then diluted with anhydrous ether ( 1 
L) and filtered. To the filtrate hydrogen chloride gas was bubbled in for 30 minutes to 
get some white precipitate. It was concentrated. The residue was distributed between 
15 ethyl acetate (1 L) and 1 N potassium hydroxide solution (pH=10). The organic layer 
was concentrated and vacuum distilled to get the titled compound as a colorless oil. 
IH NMR (CDCI3, 500 MHz): 7.25-7.38 (m,3 H), 6.98-7.04 (m, 1 H), 3.36-3.53 (m, 4 

H), 3.00 (s, 2 H). 1.24 (t, J=7.0 Hz. 6 H). LC-MS (M^+1) (EI) 182.2. 228.2. 
20 Step D 




A solution of the carboxylic acid from the Example 66, Step D (1.5 g, 
3.09 mmol), 0-benzoltriazol-l-Ar,N,iV',iV'-tetramethyluronium hexafluorophosphate 
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(2.8 g, 7.42 mmol), 1-hydroxybenzotriazol hydrate (1,0 g, 7.42 mmol) and 
diisipropylethylamine (2.7 mL, 15.5 mmol) in DMF (10 mL) was stirred at room 
temperature for half hour. The aminoacetal from the previous step (844 mg , 3.71 
mmol) was added. After stirring at room temperature for 10 hours, the reaction 
5 solution was distributed between ethyl acetate (500 mL ) and water (500 mL). The 
organic layer was washed with water (500 mL) and brine. It was dried over anhydrous 
sodium sulfate, concentrated and purified by flash column chromatography on silica 
gel with hexanes / ethyl acetate = 3 / 1 as eluant to give the title compound as a white 
solid. iH NMR (CD3OD, 400 MHz): 7.29-7.38 (m. 2 H), 7.23-7.26 (m, 1 H), 7.19 



10 (broad s, 1 H), 6.99-7.05 (m, 1 H), 5.97 O^road s, 1 H), 5.28-5.36 (m. 2 H), 4.67 

(broad s, 2 H), 4.60 (d, J=4.5 Hz, 2 H), 4.01-4.1 1 (m, 1 H), 3.92 (d, J=12.7 Hz, 1 H), 
3.76-3.86 (m, 1 H), 3.40-3.67 (m, 3 H), 3.28-3.32 (m, 1 H). 3.18-3.26 (m, 1 H), 2.36- 
2.42 (m, 2 H), 2.13-2.20 (m 1 H), 1.27 (t, J=7.2 Hz, 2 H), L18 (T, J=7.2 Hz, 2 H), 
0.99 (s, 3 H), 0.92 (s, 3 H). LC-MS (M++1) (EI) 591.2, 544.2. 

15 

StepE 



20 THF (10 mL) was added hydrochloric acid (6 N, 20 mL). After stirring at 50 °C for 
10 hours, the reaction solution was diluted with ethyl acetate (200 mL) and washed 
with 1 N potassium hydroxide solution. The organic layer was dried over anhydrous 
sodium sulfate, concentrated and purified by flash column chromatography on silica 
gel with hexanes / ethyl acetate =1 / 2 as eluant to give the title compound as a white 



25 solid. iH NMR (CDCI3, 400 MHz): 8.24 (broad s, 1 H), 7.73-7.75 (m, 1 H), 7.63- 

7.67 (m, 1 H), 7.45-7.51 (m, 1 H), 7.28-7.33 (m, 1 H), 6.63 (broad s, 1 H), 5.95 (broad 
s. 1 H), 5.28-5.37 (m, 2 H), 4.90 (dd, J=7.1, 22.7 Hz, 1 H), 4.82 (broad s, 1 H), 4.69 
(d, J=4.9 Hz, 2 H), 4.51 (dd, J=4.0, 8.6 Hz, 1 H), 4.05-4.20 (m, 2 H), 4.01-4.09 (m, 1 
H). 3.65 (d, J=11.7 Hz. 1 H), 3.28-3.32 (m, 1 H), 2.86 (d, J=11.3 Hz, I H), 2.43 (dd. 




To a solution of the ketal from the previous step (1.5 g, 2.54 mmol) in 
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J=3.9, 11.8 Hz. 1 H), 2.34 (dt. J=3.2, 11.8 Hz 1 H), 1.29 (s, 3H). 1.27 (s, 3 H). LC- 
MS(M++1)(EI)517.5. 



StepF 




Sulfuric add ( double distilled, 8 iiiL) was treated with phosphorus 
pentoxide (730 mg, 2.57 mmol) and added to the ketoamide from the previous step 
(884 mg, 1.71 mmol). After stirring at 60 for 10 minutes the reaction solution was 

10 poured into excess ice. Solid potassium hydroxide was added while stirring till pH = 
12. It was extracted with ethyl acetate ( 5 x 200 mL). The combined organic layer 
was dried over anhydrous sodium sulfate, concentrated and purified by flash column 
chromatography on silica gel with ethyl acetate / methanol =10 / 1 as eluant to get the 
title compound as a white solid. NMR (CDCI3, 400 Hz): LC-MS (M++1) (EI) 

15 415.2. 

Step G 

(aR,Y5,25)-Ar-[(35,4S)0,4-dihydro-3-hydroxy-2ff-l-benzopyran-4-yl]^^^ 
fluorophenyl)-2-oxazolyll-l-methylethyl]-Y-hydroxy-a-(phenylmethyl)-2-[[(2.2,2- 
20 trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide 

A solution of the oxazole from the previous step (501 mg, 1.21 mmol) 
and the epoxide from Example 1, Step P (522 mg, 1,21 mmol) in ethanol (15 mL) was 
refluxed for 14 hours. After the solvent was removed, the residue was purified by 
25 flash column chromatography on silica gel with hexanes / ethyl acetate = 1/2 as eluant 
to get a pale solid. (LC-MS (Nf +1) (EI) 808.4. The solid obtained was dissolved in 
methanol (10 mL) and cooled to 0 °C. Hydrogen chloride in ether (1 N, 5.5 mL. 5.5 
mmol) was added and the reaction solution was warmed to room temperature at which 
it was stirred for 12 hours. The solvent was removed under vacuum. The residue was 
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purified on preparative HPLC to give the title compound as a white solid. 'H NMR 
(CD3OD, 500 Hz): 5 7.49-7.53 (m, 2 H), 7.38-7.48 (m, 2 H), 7.19-7.30 (m, 5 H). 
7.13-7.17 (m, IH), 7.05-7.1 1 (m, 2 H), 6.80 (t, J=7.5 Hz, 1 H), 6.72 (d, J=8.0 Hz, 1 
H), 5.13 (d, J=4.0 Hz, 1 H), 4.02-4.09 (m, 2 H), 3.91-3.98 ( m, 1 H), 3.78-3.84 (m, 1 
H). 3.71-3.76 (m, 2 H), 3.07-3.1 1 (m. 1 H), 2.95-3.04 (m, 2 H), 2.88-2.94 (m, IH), 
2.85 (d, J=n.2 Hz, 1 H), 2.70-2.78 (m, 2 H), 2.63-2.68 (m. 1 H), 2.45-2.49 (m, 1 H), 
2.34-2.44 (m. 4 H), 1.98-2.04 (m, 1 H), 1.60 (s, 3 H), 1.59 (s, 3 H), 1.33-1.39 (m, 1 
H). LC-MS Or+1) (EI) 768.4 



10 



EXAMPLE 92 

(cc/?,Y5,25)-iV-[(35,45)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl]-4-[l-I5-(4- 

fluorophenyl)-2-oxazolyl]-l-methylethyl]-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2- 

trifluoroethyl)aiiiino]carfoonyl]-l-piperazinepentanamide 



,CH3 



15 




Step A 




20 . To a solution of 4'-fluoroacetophenone (40 g, 289.6 mmol) and 

hydroxylamine hydrochloride (24.2 g, 348 mmol) in ethanol (200 mL) was added 
sodium hydroxide (17.4 g, 434 mmol). After refluxing for 12 hour, it was 
concentrated. The residue was washed with cooled water and dried on high vacuum 
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over night to get the title compound as a white solid. 'H NMR (DMSO. 400 Hz): 5 
7.67(dd, J=5.7, 8.8 Hz, 2 H), 7.19 (t, J=8.8 Hz, 2 H). LC-MS (ivT+l) (EI) 154.1 

StepB 




A solution of the oxime from the previous step (42.7 g, 279 mmol) and 
/7-toluenesulfonyl chloride (66.6 g, 349 mmol) in anhydrous pyridine (100 mL) was 
stirred at room temperature for one hours to get some precipitate. Cooled water (1 L) 

10 was added to see the dissolving of the original precipitate and the formation of a new 
precipitate. It was stirred for one hour and then filtered, and the resulting solid was 
washed with cooled water and dried under high vacuum to constant weight to get the 
title compound as a pale solid. 'H NMR (CDCI3, 400 Hz): 5 7.94 (d. J=8.0 Hz, 2 
H), 7.58-7.62 (m, 2 H). 7.37 (d, J=8.0 Hz, 2 H), 7.05-7.1 1 (m, 2 H), 2.47 (s, 3 H), 

15 2.35(d,J=1.8Hz,3H). 

StepC 




20 To a solution of the tosylamide from the previous step (71.5 g, 232.7 

mmol) in ethanol (100 mL) was added potassium ethoxide (21.1 g, 244.3 mmol) in 
ethanol (800 mL) at 0 OC. It was slowly warmed to room temperature at which it was 
stirred for one hour to see a precipitate. It was then diluted with anhydrous ether ( 1 
L) and filtered. To the filtrate hydrogen chloride gas was bubbled in for 30 minutes to 

25 get some white precipitate. It was concentrated. The residue was distributed between 
ethyl acetate (1 L) and 1 N potassium hydroxide solution (pH=10). The organic layer 
was concentrated and vacuum distilled to get the titled compound as a colorless oil. 
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IH NMR (CDCI3, 500 MHz): 7.48-7.53 (m, 2 H), 7.02-7.08 (m, 2 H), 3.35-3.52 (m, 4 
H), 2.98 (s. 2 H), 1.23 (t, J=7.0 Hz. 6 H). LC-MS (NT+I) (EI) 182.2, 228.2. 

StepD 



5 




A solution of the carboxylic acid from the Example 66, Step D (1.5 g, 
3.09 mmol), 0-benzoltriazol-l-iV,M^',A/''-tctramethyluronium hexafluorophosphate 
(2.8 g, 7.42 mmol), 1-hydroxybenzolriazol hydrate (1.0 g, 7.42 mmol) and 

10 diisipropylethylamine (2.7 mL, 15.5 mmol) in DMF (10 mL) was stirred at room 
temperature for half hour. The aminoacetal from the previous step (843 mg , 3.71 
nunol) was added. After stirring at room temperature for 10 hours, the reaction 
solution was distributed between ethyl acetate (500 mL ) and water (500 mL). The 
organic layer was washed with water (500 mL) and brine. It was dried over anhydrous 

15 sodium sulfate, concentrated and purified by flash column chromatography on silica 
gel with hexanes / ethyl acetate = 3 / 1 as eluant to give the title compound as a white 
solid. IH NMR (CDCI3, 400 MHz): 7.50-7.55 (m, 2 H), 7.16 (broad s, 1 H), 7.02- 

7.08 (m, 2 H), 5.97 (broad s, 1 H), 5.28-5.36 (m, 2 H), 4.67 (broad s, 2 H), 4.60 (d, 
J=4.5 Hz. 2 H), 4.01-4.11 (m. 1 H), 3.92 (d. J=12.7 Hz, 1 H), 3.76-3.86 (m, 1 H), 
20 3.40-3.67 (m. 3 H), 3.28-3.32 (m, 1 H), 3.18-3.26 (m, 1 H), 2.36-2.42 (m, 2 H), 2.13- 
2.20 (m 1 H), 1.27 (t, J=7.2 Hz, 2 H), 1.18 (T, J=7.2 Hz, 2 H), 1.01 (s, 3 H), 0.95 (s, 3 
H). LC-MS (M++1) (EI) 591.2, 544.2. 

StepE 
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To a solution of the ketal from the previous step (1,5 g, 2.54 mmol) in 
THF (10 mL) was added hydrochloric acid (6 N, 20 mL). After stirring at 50 °C for 
5 10 hours, the reaction solution was diluted with ethyl acetate (200 mL) and washed 
with 1 N potassium hydroxide solution. The organic layer was dried over anhydrous 
sodium sulfate, concentrated and purified by flash column chromatography on silica 
gel with hexanes / ethyl acetate =1 / 2 as eluant to give the title compound as a white 
solid. IH NMR (CDCI3, 400 MHz): 8.21 (broad s, 1 H), 8.00-8.03 (m, 2 H), 7.18 (t, 

10 J=8.6 Hz, 2 H), 6.63 (broad s, 1 H), 5.95 (broad s, 1 H), 5.28-5.37 (m, 2 H), 4.90 (dd, 
J=7.1, 22.7 Hz, 1 H), 4.82 (broad s. 1 H), 4.69 (d, J=4.9 Hz, 2 H), 4.51 (dd, J=4.0, 8.6 
Hz, 1 H), 4.05-4.20 (m, 2 H), 4.01-4.09 (m, 1 H), 3.65 (d, J=11.7 Hz, 1 H), 3.28-3.32 
(m, 1 H), 2.86 (d, J=11.3 Hz. 1 H), 2.42 (dd, J=3.9, 11.8 Hz, 1 H), 2.34 (dt, J=3.2, 
1 1.8 Hz 1 H), 1.29 (s, 3H), 1.27 (s, 3 H). LC-MS (M++1) (EI) 517.5. 

15 

Step F 




Sulfuric acid ( double distilled, 8 mL) was treated with phosphorus 
20 pentoxide (573 mg, 2.57 mmol) and added to the ketoamide from the previous step 
(695 mg, 1.35 mmol). After stirring at 60 °C for 10 minutes the reaction solution was 
poured into excess ice. Solid potassium hydroxide was added while stirring till pH = 
12. It was extracted with ethyl acetate ( 5 x 200 mL). The combined organic layer 
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was dried over anhydrous sodium sulfate, concentrated and purified by flash column 
chromatography on silica gel with ethyl acetate / methanol =10 / 1 as eluant to get the 
title compound as a white solid. NMR (CDCI3, 400 Hz): LC-MS (M++1) (EI) 
415.2. 

5 

StepG 

(a«,Y5»25)-A^-[(35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran>4-yl]-4-[l-^ 

fluorophenyl)-2-oxazolyl]-l-methylethyl]-Y-hydroxy-(phenylmethyl)-2-[[(2,2,2- 

trifluoroethyl)amino]carbonyl]-l-piperazinepentamide 

10 

A solution of the oxazole from the previous step (331 mg, 0.80 mmol) 
and the epoxide from Example 1, Step P (344 mg, 0.80 mmol) in ethanol (15 mL) was 
refluxed for 14 hours. After the solvent was removed, the residue was purified by 
flash column chromatography on silica gel with hexanes / ethyl acetate = 1/2 as eluant 

15 to get a pale solid. (LC-MS (M''+l) (EI) 808.4. The solid obtained was dissolved in 
methanol (10 mL) and cooled to 0 ^C. Hydrogen chloride in ether (1 N, 3.5 mL, 3.5 
mmol) was added and the reaction solution was warmed to room temperature at which 
it was stirred for 12 hours. The solvent was removed under vacuum. The residue was 
purified on preparative HPLC to give the title compound as a white solid. NMR 

20 (CD3OD, 500 Hz): 5 7.70-7.74 (m, 2 H), 7.39 (s, 1 H), 7.13-7.25 (m, 8 H), 7.05-7.1 1 
(m, 2 H), 6.80 (t, J=7.5 Hz, 1 H), 6.72 (d, J=8.0 Hz, 1 H), 5.13 (d, J=4.0 Hz, 1 H), 
4.02-4.09 (m. 2 H), 3.91-3,98 ( m, 1 H), 3.78-3.84 (m, 1 H), 3.71-3.76 (m, 2 H). 3.07- 
3.11 (m, 1 H), 2.95-3.04 (m, 2 H). 2.88-2.94 (m, IH), 2.85 (d, J=11.2 Hz, 1 H), 2.70- 
2.78 (m, 2 H), 2.63-2.68 (m, 1 H), 2.45-2.49 (m, 1 H), 2.34-2.44 (m, 4 H), 1.98-2.04 

25 (m, 1 H), 1.61 (s, 3 H). 1.60 (s, 3 H), 1.33-1.39 (m, 1 H). LC-MS (M^+1) (EI) 768.4 



EXAMPLE 93 

(a/?,Y5,25)-iV-[(35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-Y-hydroxy-4- 
30 [l-[5-(5-ethoxy-3-pyridinyl)-2-oxazolyll-l-methylethyl]-a-(phenylmethyl)-2-[((2,2,2- 
trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide 
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O 



Step A 



EtO. 




Br 



N 



5 



To a stirred solution of 3,5-dibromo pyridine (9.0g, 38 mmol) in DMF 



(100 mL) cooled to 0 °C was added a solution of sodium ethoxide in ethanol (21% by 
wt. 6331 mL, 190 mmoJ). The reaction was refluxed at 90 for 16 hours. The 
reaction mixture was cooled to room temperature and quenched by adding water (100 

10 mL). The pH was adjusted to 9 by the addition of concentrated hydrochloric acid. 

The resulting solution was concentrated in vacuo. The residue was dissolved in water 
(300 mL) and extracted four times with ethyl acetate. The combined organic layers 
were dried over anhydrous sodium sulfate filtered and concentrated in vacuo. The 
crude material was purified by flash chromatography with 1:1 ethyl acetate hexanes to 

15 give the desired compound (3.0 g). LC-MS (Nr+1)(EI) 202.2. 



mmol) in dry THF (5 mL) was added drop wise isopropyl magnesium chloride (11 



StepB 



O 




To a stirred solution of the intermediate form step A (3.41g, 16.87 
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10 



mL, 21.94 mmol). The reaction mixture was stirred at room temperature for 30 
minutes after which time N(r^rr-ButoxycarbonyI)glycine N'-methoxy-N'-methy! 
amide (1.84g, 8,43 mmol) was added as a solid. The reaction was quenched after 3 
hours with saturated ammonium chloride. The resulting solution was extracted with 
ethyl acetate, washed with brine, dried over anhydrous sodium sulfate, filtered and 
concentrated in vacuo. The residue was purified by flash chromatography with 1:1 
ethyl acetate hexanes to give the desired compound (1.88g) as a white solid. *H NMR 
(CDCl3,500 MHz): 8.77 (s. IH), 8.54 (s, IH), 7.71 (s, IH), 5.48 (bs, IH), 4.69 (d, 
/=4.1 Hz, 2H), 4.18 (q, 2H), 1.51 (s, 9H). 1.48 (t, 3H). LC-MS (M^+1)(ED 281.1. 



StepC 



N 



NAIIoc 



HN^O 

To the intermediate from Step B (257 mg, 0.91 mmol) was added 30% 
1 5 trifluoroacetic acid dichloromethane (10 mL). After 30 minutes the reaction mixture 
was concentrated in vacuo and the residue azeotropically dried with chloroform (3X). 
To a stirred solution of the residue in dichloromethane was added the acid from 
example 66, step D (419 mg, 1.1 mmol), l-hydroxy-7-azabenzotriazole(150 mg, 1.1 
mmol) and Benzotriazole-l-yl-oxy-tris-pyrrolidino-phosphonium 
20 hexafluorophosphate (572 mg, 1.1 mmol). A^,A^-Diisopropyl ethyl amine (951 ^L, 
5.46 mmol) was added dropwise and the resulting reaction mixture stirred at room 
temperature for 16 hours. The reaction mixture was diluted with ethyl acetate (10 
mL), washed with saturated sodium bicarbonate solution, brine, dried over anhydrous 
sodium sulfate, filtered and concentrated in vacuo. The residue was purified by flash 
25 chromatography with 4: 1 ethyl acetate-hexanes to give the desired compound (300 
mg) as a white solid. LC-MS (M*"+1)(EI) 544.2. 

StepD 
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To the intermediate from step C(300 mg, 0.55 mmol) was added 
fuming sulfuric acid (1 mL). The resulting slurry was heated to 50 °C for 30 minutes. 
5 The reaction mixture was cooled to -10 °C and ice-water (5 mL) was added very 
slowly. The resulting solution was basified with the addition of solid potassium 
hydroxide until the pH=10. A white solid precipitated out which was filtered and 
discarded. The filtrate was extracted with ethyl acetate (3X) dried over anhydrous 
sodium sulfate filtered and concentrated in vacuo. The residue was purified by flash 
10 chromatography using 100% ethyl acetate and then 5% 2.0M ammonia/ methanol- 
ethyl acetate to give the desired compound (62 mg) as a white solid. LC-MS 
(M^+1)(EI) 442.2. 

StepE 



15 




A stirred solution of the intermediate from step D (62 mg, 0.14 mmol) 
and the intermediate from example 1, step P(55.26 mg, 0.14 mmol) in ethanol (1 mL) 
was heated to 70 ""C for 16 hours. The reaction mixture was concentrated in vacuo 
20 and purified by flash chromatography using 5% methanol-ethyl acetate to give the 
desired product (70 mg) as a yellow solid. NMR (CDCl3,500 MHz): 9.26 (bs. 
IH), 8.5 (d, 7=1.7 Hz, IH), 8.3 (d, 7=2.8 Hz, IH), 7.3-7.4 (m, 6H), 7.22 (t, 7=6.9, 7.1 
Hz, IH), 7.13 (t. 7=6,6. 7.1 Hz, IH), 6.84 (d, 7=8.3 Hz, IH), 6.7 (m, 2H), 5.72 (d. 
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7=4.3 Hz, IH), 4.46 (dd, 7=2.5, 12.8 Hz, IH), 4.42 (m, IH), 4.32 (bs, IH), 4.2 (m, 
4H), 3.8 (m, IH), 3.7 (m, IH), 3.4-3.5 (m, 3H), 3.15-3.2 (m, 2H), 2.96 (d, 7=10.7 Hz. 
IH), 2,9 (m, 2H), 2.3-2.7 (m, 5H), 1.71 (s, 3H), 1.62 (s. 6H), 1.5 (t, 3H), 1.28(s, 3H). 
LC-MS (MVl)(EI) 835.5. 

5 

Step F 

(OLR,yS,2S)'N'[(3SASy3 ,4-dihydro3-hydroxy-2/f- 1 -benzopyran-4-yl] -Y-hydroxy-4- 

[]-[5-(5-ethoxy-3-pyridinyl)-2-oxazolyl]-l-methylethyl]-a-(pheiiylmethyl)-2-[[(2,2,2- 

trifluoroethyl)amino]carbony]]-l-piperazinepentananiide 

10 

To a stirred solution of die intermediate from step E (70 mg, 0.084 
mmol) in methanol (3 mL) was added a solution of LO M HCl in ether (1 ml, 1 mmol) 
and the resulting mixture stirred at room temperature for 3 hours. At the end of this 
time the reaction mixture was concentrated in vacuo. The residue was dissolved in 

15 ethyl acetate (10 mL) and washed with IN sodium hydroxide solution, dried over 
anhydrous sodium sulfate filtered and concentrated in vacuo. The residue was 
purified by flash chromatography with 4% methanol ethyl acetate to give the (42 mg) 
title compound. ^H NMR (CDCl3,500 MHz): 9.25 (bs, IH), 8.5 (d, 7=1.8 Hz, IH), 
8.29(d, 7=2.7 Hz, IH), 7.23-7.4 (m, 7H), 7.13 (t, 7=7.1, 8.2 Hz, IH), 7.09 (d, 7=7.8 

20 Hz, IH), 6.9 (m, 2H), 6.05 (d, 7=8.0 Hz, IH), 5.18 (m, IH), 4.2 (m, 3H), 4.1 (m, 3H), 
3.8 (m, 3H), 3.4(bs, IH), 3.1 (d, 7=11.9 Hz, IH), 2.9 (m, 3H), 2.65-2.8 (m, 4H), 2.49 
(bd, 7=11.7 Hz, 2 H). 2.15 (bs, IH), 1.95 (t, 7=11.2 Hz, IH), 1.63 (s, 6H), 1.51 (t, 
3H). LC-MS (M*+1)(EI) 795.3. 

25 

EXAMPLE 94 

(a/?,Y5,25)-A^-[(35,45)-3,4-dihydro-3-hydroxy-2//-l'benzopyran-4-yl]-Y-hydroxy^^ 

[l-[5-(5-fluoro-3-pyridinyl)-2-oxazoIyl]-l-methylethyl]-a-(phenylmethyl)-2-[[(2,2,2- 

trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide 
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Step A 




5 

To a stirred solution of 2,6-dichIoro-5-fluoro-nicotinic acid (10 g. 
47.62 mmol) and N methoxy AT-methyl amine (5.57 g, 57.14 mmol) in 
dichloromethane was added 4-dimethyl amino pyridine (58 mg, 0.47 mmol) N,N- 
diisopropylethyl amine (16.58 mL. 95.23 mmol) and EDC (9.12 g. 46.62 mmol). The 

10 resulting mixture was stirred at room temperature for 16 hours. The reaction mixture 
was diluted with dichloromethane and washed with IN HCl and saturated sodium 
bicarbonate. The organic layer was dried over anhydrous sodium sulfate filtered and 
concentrated in vacuo. The residue was purified by flash chromatography with 50% 
ethyl acetate hexanes to give the desired compound (10.58g)as a colorless oil. 'h 

15 NMR (CDCl3,500 MHz): 7.54 (d, 7=6.9 Hz, IH). 3.56 (s. 3H). 3.42 (s. 3H). LC-MS 
(Nr+1)(EI) 253.2. 

StepB 



O 




20 

To a stirred solution of the intermediate from step A (10.58 g, 41.81 
mmol) in ethanol (150 mL) was added ammonium formate (13.18 g. 209 mmol), 
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formic acid (5 mL) and 10% palladium on carbon (1.0 g). The resulting mixture was 
heated to 65 °C for 16 hours. The reaction mixture was cooled to room temperature 
and filtered through a pad of ceHte. The residue was washed with ethanol (50 mL) 
and discarded. The filtrate was concentrated in vacuo. The residue was dissolved in 
5 ethyl acetate and washed with saturated sodium bicarbonate solution and brine and 
dried over anhydrous sodium sulfate. The solution was filtered and concentrated in 
vacuo. The residue was purified by flash chromatography using 40% ethyl acetate 
hexanes to give the (6.5 g) desired compound. *H NMR (CDCl3,500 MHz): 8.79 (s, 



IH), 8.55 (d, J=3.0 Hz. IH), 7.78 (dd. /=4.4, 8.6 Hz. IH), 3.57 (s. 3H). 3.4 (s, 3H). 
10 LC-MS (M*+1)(EI) 185.3. 



mmol) in anhydrous THF cooled to -20 was added methyl magnesium bromide 
(48.85 mL, 68.4 mmol, 1.4 M in THF). The reaction was warmed to room 
temperature and stirred for 2 hours. The reaction mixture was quenched with 
saturated ammonium chloride solution. The resulting biphasic mixture was extracted 
20 with ethyl acetate (3X). The combined organic layers was washed with brine, dried 
over anhydrous sodium sulfate, filtered and concentrated in vacuo. The residue was 
purified by flash chromatography with 30% ethyl acetate hexanes to give the desired 
compound (2.7 g) as colorless oil. *H NMR (CDClj.SOO MHz): 9.01 (s, IH), 8.68(d, 
7=2.7 Hz, IH), 7.96 (d, 7=2.7 Hz, IH), 2.68 (s, 3H). LC-MS (M^+1)(EI) 140.1. 



StepC 




15 



To a stirred solution of the intermediate from step B (4.3 g, 22.8 



StepD 



NOH 
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To a stirred solution of the intermediate from step C (5.25 g, 37.73 
mmo]) in ethanol (50 mL) was added hydroxylamine hydrochloride (2.97 g, 42.79 
mmol) and sodium hydroxide (1.71 g, 42.79 mmol). The reaction was refluxed for 
two hours during which time a white precipitate crashed out. The reaction mixture 
5 was cooled to room temperature and filtered. The solid was washed with ethanol (3 
xlOO mL) and discarded. The filtrate was concentrated in vacuo. The residue was 
dissolved in ethyl acetate and washed with water. The organic layer was dried over 
anhydrous sodium sulfate, filtered and concentrated m vacuo to give the desired 
compound (5.7 g) as a white solid. *H NMR (CDCl3,500 MHz):9.0 (bs, IH), 8.78 (s, 
10 IH), 8.5 (s, IH). 7.75 (d, J=11.4 Hz. IH), 2.32 (s, 3H). LC-MS (NT+IKEI) 155.2. 

StepE 

NOTs 




*5 To a solution of the intermediate from step D (5.7 g, 36.97 mmol) in 

pyridine (20 mL) was added para-toluene sulfonyl chloride (8.81 g, 46.22 mmol) and 
the resulting mixture was stirred at room temperature for 48 hours. At the end of this 
time the reaction mixture was diluted with ethyl acetate (300 mL). The organic layer 
was washed with ice water (3x250 mL), brine, dried over anhydrous sodium sulfate. 

20 filtered and concentrated in vacuo. The residue was azeotroped with toluene (5X) to 
give the desired compound (11.0 g) as a light brown oil. LC-MS (Nr+1)(EI) 309.2. 

StepF 

EtO pEt 




To a stirred solution of the intermediate from step E (1 l.Og, 35.67 
mmol) in dry ethanol (100 mL) cooled to 0 ""C was added dropwise via an addition 
funnel a solution of potassium ethoxide (3.22 g, 37.45 mmol) in ethanol (200 mL). 
The reaction mixture was warmed to room temperature and stirred for 18 houre. The 
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reaction mixture was concentrated to half its volume and anhydrous ether(100 mL) 
was added. A slow stream of hydrogen chloride gas was bubbled for 3 hours. The 
reaction mixture was concentrated in vacuo and the residue dissolved in ethyl acetate 
and washed with IN potassium hydroxide, dried over anhydrous sodium sulfate 
5 filtered and concentrated in vacuo. The residue was purified by flash chromatography 
using 5% 2.0M ammonia/methanol-ethyl acetate to give the desired product (5.0 g) as 
a brown oil. NMR (CDCb^SOO MHz): 8.55 (s, IH), 8.43 (s. IH), 7.5(m, IH), 3.49 
(m, 2H), 3.35 (m. 2H), 3.22 (s, 2H), 1 .25 (m, 6H). LC-MS (Nr+1)(EI) 229.2. 

10 Step G 




To a stirred solution of the intermediate obtained from step F (2.0 g, 
8.76 mmol) in 1:1 DMF/DCM (10 mL) was added the intermediate obtained from 

15 example 66 step D (5.06 g, 10.51 mmol), l-hydroxy-T-azabenzotriazole (1.8 g, 13.14 
mmol), MiV-diisopropylethyl amine (2.28 mL, 13.14 mmol) and Benzotriazole-l-yl- 
oxy-tris-pyrrolidino-phosphonium hexafluorophosphate (5.46 g, 10.51 mmol). The 
resulting mixture was stirred at room temperature for 16 hours. The reaction mixture 
was concentrated in vacuo. The residue was dissolved in ethyl acetate (100 mL) and 

20 washed with saturated sodium bicarbonate (2X), brine (IX) dried over anhydrous 
sodium sulfate filtered and concentrated in vacuo. The residue was purified by flash 
chromatography using 70% ethyl acetate hexanes to give the desired product (4.84 g) 
as a white solid. 'H NMR (CDCI3.5OO MHz): 8.58 (s, IH), 8.37 (s, IH), 7.58 (d, 
7=7.8 Hz, IH), 5.94 (m, IH), 5.34 (d, 7=17.2 Hz, IH), 5.28 (d, 7=10.5 Hz. IH), 4.65 

25 (bs, 3H), 4.1 (bs, IH), 4.0 (bs, 2H), 3.6 (m, 3H), 3.4 (m, 3H), 3.29 (d, 7=19.2 Hz, 2H), 
2.8 (bs, IH), 2.6 (bd, 7=10.3 Hz, IH), 2.3 (bs, IH), 2.1 (bs, IH), 1.2 (m, 6H), 1.06 (s, 
3H), 1.01 (s, 3H). ). LC-MS (MV23)(EI) 614.3. 

StepH 
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15 



HN-^O 

To a stirred solution of the intermediate obtained fonn step G (4.84 g, 
8.18 mmol) in THF (20 mL) was added 6N HCl (20 mL) and the resulting mixture 
5 heated to 60 °C for three hours. The reaction mixture was cooled to room temperature 
and diluted with ethyl acetate (100 mL). A solution of 6N NaOH was added until the 
pH=12. The resulting biphasic mixture was extracted with ethyl acetate (3X), the 
organic layer dried over anhydrous sodium sulfate filtered and concentrated in vacuo. 
The residue was purified by flash chromatography with 70% ethyl acetate hexanes to 
10 give the desired product (4.0 g) as a white solid. 'H NMR (CDCI3.5OO MHz): 8.98 (s, 
IH). 8.66 (bs, IH), 8.34 (bs, IH), 7.92 (d, /=8.3 Hz, IH). 6.91 (bs, IH), 5.91 (bs. IH), 
5.32 (d, 7=16.7 Hz, IH), 5.26 (d. 7=10.3 Hz, IH), 4.85 (m, 2H), 4.62 (bs, 2H), 4.54 
(d, 7=16.3 Hz, IH), 4.2 (m, 2H), 3.8 (m. IH), 3.6 (bs. IH). 3.2 (bs. IH), 2.86 (d. 
7=10.3 Hz, IH). 2.4 (bs, IH), 2.25 (t, IH). 1.24 (s, 6H). ). LC-MS (M*+1)(ED 518.3. 



Step I 

'V J . 



HN^O 



F3C^ 

To the intermediate from step H (2.5 g, 4.83 mmol) was added fuming 
20 sulfuric acid (4 mL). The resulting slurry was heated to 50 "C for 15 minutes. The 
reaction mixture was cooled to -10 °C and ice-water (5 mL) was added very slowly. 
The pH of the solution was adjusted to 10 by the addition of solid potassium 
hydroxide. A white precipitate crashed out that was filtered and discaixled. The 
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filtrate was extracted with ethyl acetate (4X). The organic layer was washed with 
brine (IX), dried over anhydrous sodium sulfate filtered and concentrated in vacuo. 
The residue was purified by flash chromatography using 100% ethyl acetate and then 
5% 2.0M ammonia/ methanoUethyl acetate to give the desired compound (1.1 g) as a 
5 white solid. NMR (CDCh.SOO MHz): 8.72 (s, IH), 8.44 (d, 7=2.7 Hz, IH), 8.07 
(bs, IH), 7.63 (dt, 7=2.0, 2.3, 8.9 Hz, IH), 7.39 (s, IH), 4.9 (m, 2H), 3.54 (dd, 7=3.2, 
5.9 Hz, IH), 2.9-3.0 (m, 3H), 2.8 (dd. 7=5.9, 11.4 Hz, IH), 2.6 (m, 2H), 1.6 (s. 6H). ). 
LC-MS (M*+1)(EI) 416.3. 

10 Step J 




A stirred solution of the intermediate from step I (1.1 g, 2.65 nmiol) 
and the intermediate form example 1, step P(1.04 g, 2.65 mmol) in ethanol (35 mL) 

15 was heated to 70 °C for 16 hours. The reaction mixture was concentrated in vacuo 
and purified by flash chromatography using 100 % ethyl acetate and then 5% 2.0M 
ammonia in methanol -ethyl acetate to give the desired product (l.lg) as a white solid. 
*H NMR (CDCl3,500 MHz): 9.19 (bs, IH), 8.72 (s, IH), 8.47 (d, 7=2.7 Hz, IH), 7.61 
(d, 7=9.0 Hz, IH), 7.42 (s, IH). 7.27-7.34 (m, 5H), 7.21 (t, 7=7.3, 9.0 Hz, IH), 7.12 (t, 

20 7=7.1, 8.0 Hz, IH), 6.83 (dd, 7=3.2, 8.1 Hz, IH), 6.65 (m, 2H), 5.69 (d, 7=4.1 Hz, 
IH), 4.4 (d, 7=12.8 Hz, IH), 4.3 (m, IH), 4.21 (d, 7=12.8 Hz, IH), 4.1 (m, 2H), 3.8 
(m, IH), 3.7 (bt, 7=9.4 Hz, IH), 3.5 (m, 2H), 3.4 (m, 2H), 3.15 (m, 2H), 2.95 (d, 
7=10.5 Hz. IH). 2.85 (m, IH), 2.4-2,7 (m. 4H), 1.7 (s, 3H), 1.61 (s, 6H), 1.27 (s, 3H). 
LC-MS (M*+1)(EI) 809.3. 

25 

StepK 

(a/?,Y5,25)-JV-[(35,4S)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-Y-hydroxy-4- 

[l-[5-(5-fluoro-3-pyridinyl)-2-oxazolyl]-l-methylethyl]-a-(phenylmethyl)-2-[[(2,2,2- 

trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide 
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To a solution of the intermediate from step J(l.l g, 1.35 mmol) in 
methanol (20 mL) was added a solution of 1.0 M HCl in ether (17.5 ml, 17.5 mmol) 
and the resulting mixture stirred at room temperature for 4.5 hours. At the end of this 
time the reaction mixture was concentrated m vacuo. The residue was dissolved in 
ethyl acetate (100 mL) washed with IN sodium hydroxide solution, dried over 
anhydrous sodium sulfate, filtered and concentrated in vacuo. The residue was 
purified by flash chromatography with 100% ethyl acetate and then 5% 2.0M 
ammonia/methanol ethyl acetate to give the title compound (880 mg) as a white solid 
'H NMR (CDCl3,500 MHz): 9.19 (bs, IH), 8.73 (s, IH), 8.47 (d, 7=2.3 Hz, IH) 7 62 
(d, /=8.7 Hz. IH). 7.43 (s. IH), 7.23-7.33 (m. 5H), 7.12 (t. 7=8.0 Hz, IH), 7.06 (d 
7=7.3 Hz. IH), 6.8 (d. 7=7.5 Hz. IH). 6.03 (d, 7=8.0 Hz. IH). 5.17 (m. IH). 4.0-1.4 
(m. 3H), 3.7-3.9 (m. 3H). 3.5 (bs, IH). 3.45 (bs, IH), 3.13 (d. 7=11.2 Hz, IH), 2.9 (m 
3H), 2.7-2.8 (m, 4H), 2.48 (bd. 7=1 1.9 Hz. 2H). 2.19 (d. 7=4.5 Hz, IH). 1.94 (t, 
15 7=11.4 Hz. IH), 1.63 (s, 6H). LC-MS (lvr+l)(ED 769.4. 



10 



EXAMPLE 95 

(a/?,Y5.25)-A^-[(35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yI]-Y-hydroxy-4- 

[l-[5-(5-ethyI-3-pyridinyl)-2-oxazolyl]-l-methylethyl]-a-(phenylmethyl)-2-[[(2.2,2- 
trifluorocthyl)amino]carbonyl J- 1 -piperazinepentanamide 



25 Step A 




N 
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To a solution of 3,5-dibromopyridjne (15 g, 63.31 mmol) in dry THF 
(100 mL) cooled to 0 oC was added drop wise isopropyl magnesium chloride (41 mL, 
82.31 mmol). The reaction mixture was stirred at room temperature for 45 minutes 
5 after which time A^(re/t-Butoxycarbonyl)glycine A^'-methoxy-A^ '-methyl amide (6.9g, 
31.65 mmol) was added as a solid. The reaction was quenched after 3 hours with 
saturated ammonium chloride. The resulting solution was extracted with ethyl 
acetate, washed with brine, dried over anhydrous sodium sulfate, filtered and 
concentrated in vacuo. The residue was purified by flash chromatography with 15% 
10 ethyl acetate hexanes to give the desired compound (7.0 g) as a white solid. LC-MS 
(Nr+1)(EI) 315.3. 

Step B 



O 




NHBoc 



15 

To a solution of the intermediate from step A (5.1 g, 16.18 mmol) in 
toluene (120 mL) was added tri-n-butyl-vinyl stannane (5.7 mL, 19.41 mmol) and 
Pd(PPh3)4 (935 mg, 0.81 mmol). The resulting mixture was heated to reflux under a 
N2 atmosphere. The reaction mixture was cooled to room temperature, a saturated 

20 solution of potassium fluoride (120 mL) was added and the resulting biphasic mixture 
stirred vigorously for 45 minutes. The precipitate was filtered and discarded. The 
filtrate was extracted with diethyl ether (3X), the organic layer washed with brine, 
dried over anhydrous sodium sulfate filtered and concentrated in vacuo. The residue 
was purified by flash chromatography with 35 % ethyl acetate hexanes to give the 

25 desired compound (3.16 g) as a white solid. NMR (CDCb.SOO MHz): 9.05 (s, 
IH), 8.84 (s, IH), 8.26 (s, IH), 6.81 (dd, 7=11. 17.6 Hz, IH), 5.98 (d, 7=17.6 Hz. IH), 
5.55 (d. 7=1 1 Hz, IH). 4.71 (d. 7=3.9 Hz, 2H). 1.5(s, 9H). ). LC-MS (M*+1)(EI) 
263.2. 

30 Step C 
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15 




NHBoc 



To a solution of the intermediate from step B (2.0 g, 3.81 mmol) in 
methanol (5 mL) was added 10% Pd/C (350 mg). The resulting solution was stirred at 
room temperature under hydrogen (1 atmosphere). After 3 hours the reaction was 
filtered through celite and the filtrate concentrated in vacuo to give the desired (2.0 g) 
compound. 'H NMR (CDCb.SOO MHz): 9.0 (s, IH). 8.65 (s. IH). 8.1 (s. IH) 4 65 
(d. 2H), 2.7 (q. 2H), 1.5 (s. 9H), 1.3 (t, 3H). 



10 StepD 




To the intennediate from Step C (1.0 g, 3.78 mmol) was added 30% 
trifluoroacetic acid dichloromethane (10 mL). After 30 minutes the reaction mixture 
was concentrated in vacuo and the residue azeotropically dried with toluene (3X) and 
then chloroform (3X). To a solution of the residue in 1:1DMF/DCM (8 mL) was 
added the intermediate from example 66, step D(911 mg, 1.89 mmol), l-hydroxy-7- 
azabenzotriazole (386 mg, 2.84 mmol) and Benzotriazole-l-yl-oxy-tris-pyrrolidino- 
phosphonium hexafluorophosphate (985mg, 1.89 mmol). M^-Diisopropyl ethyl 
20 amine (1.97 mL, 1 1 .34 mmol) was added dropwise and the resulting reaction mixture 
stirred at room temperature for 16 hours. The reaction mixture was diluted with ethyl 
acetate (20 mL), washed with saturated sodium bicarbonate solution, brine, dried over 
anhydrous sodium sulfate, filtered and concentrated in vacuo. The residue was 
purified by flash chromatography with 4:1 ethyl acetate-hexanes to give the desired 
25 compound (650 mg) as an oil. LC-MS (M*+1)(EI) 528.2. 
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StepE 




5 To the intermediate from Step D (300 mg, 0.56mmol) was added 

fuming sulfuric acid (1 mL). The resulting slurry was heated to 50 for 15 minutes. 
The reaction mixture was cooled to -10 °C and ice-water (5 mL) was added very 
slowly. The pH of the resulting solution was adjusted to 10 with addition of solid 
potassium hydroxide. A white precipitate crashed out that was filtered and discarded. 

10 The filtrate was extracted with ethyl acetate (3X). The organic layer was washed with 
brine (IX), dried over anhydrous sodium sulfate filtered and concentrated in vacuo. 
The residue was purified by flash chromatography using 5% 2.0M ammonia/ 
methanol-ethyl acetate to give the desired compound (100 mg) as a white solid. 'H 
NMR (CDCl3,500 MHz): 8.74 (d, 7=2.1 Hz, IH), 8.45 (d, /=1.8 Hz, IH), 8.2 (m, 

15 IH), 7.72 (d, 7=2.1 Hz, IH), 7.34 (s, IH), 3.97 (m, 2H), 3.53 (m, IH), 2.9 (m, 4H). 
2.75 (q, 2H), 2.6 (m, 2H), 1.62 (s, 3H), 1.61 (s, 3H), 1.3 (t, 3H). LC-MS (M%1)(EI) 
426.2. 

StepF 



20 




A solution of the intermediate from Step E (100 mg, 0.24 mmol) and 
the intermediate from Example 1, Step P (93 mg, 0.24 mmol) in ethanol (5 mL) was 
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heated to 70 "C for 16 hours. The reaction mixture was concentrated in vacuo and 
purified by flash chromatography using 80% ethyl acetate hexanes to give the desired 
product (100 mg) as a solid. LC-MS (Nr+1)(EI) 819.3. 

5 Step G 

(a7?,Y5,25)-Ar-[(35,45)-3,4-dihydro-3-hydroxy-2ff-I-benzopyran-4-yI]-Y-hydroxy-4- 

[l-[5-(5-ethyl-3-pyridinyl)-2-oxazolyl]-l-methylethyl]-a-(phenylmethyl)-2-([(2,2.2- 

trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide 

To a solution of the intermediate from Step F (100 mg, 0. 122 mmol) in 
methanol (5 mL) was added a solution of 1 .0 M HCl in ether (3.22 ml, 3.22 mmol) 
and the resulting mixture stirred at room temperature for 4 hours. At the end of this 
time the reaction mixture was concentrated in vacuo. The residue was dissolved in 
ethyl acetate (10 mL) and washed with IN sodium hydroxide solution, dried over 

15 anhydrous sodium sulfate filtered and concentrated in vacuo. The residue was 

purified by flash chromatography with 5% methanol ethyl acetate to give the (55 mg) 
title compound as a white solid. 'H NMR (CDCls.SOO MHz): 9.3 (bs, IH), 8.72 (d, 
7=2.1 Hz, IH). 8.46 (d, 7=1.9 Hz. IH). 7.71 (s, IH), 7.36 (s, IH), 7.2-7.4 (m, 5H), ' 
7.12 (d. 7=7.8 Hz, IH), 7.06 (d, 7=7.8 Hz. IH), 6.84 (t, 7=7.1 Hz, IH), 6.77 (d. 7=8.0 

20 Hz, IH). 6.03 (bs. IH). 5.17 (m. IH), 4.0-4.2 (m, 4H), 3.8 (m, 3H), 3.15 (bs, IH), 2.9 
(m. 5H). 2.8 (m, 3H). 2.6(q, 2H), 2.55 (bs, 2H), 1.9 (m, IH). 1.63(s, 6H), 1.57 (m, 
IH), 1.33 (t. 3H). LC-MS (M*+1)(EI) 779.4. 



EXAMPLE96 

(aK,Y5,25)-A^-[(35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yI]-Y-hydroxy-4- 
[ 1 -methyl- 1 -[5-(5-propyl-3-pyridinyl)-2-oxazolyl]ethyl]-a-(phenylmethyl)-2-[[(2,2.2- 
trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide 
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Step A 




5 To a solution of 3.5-dibromopyridine (2.0 g. 8.44 mmol) in THF (4 ml) 

was added isopropylmagnesium chloride (2M in THF, 5.49 ml, 10.98 mmol). The 
reaction mixture was stirred at room temperature for 1 h. Cupper cyanide (151 mg, 
1.69 mmol) and lithium chloride (143 mg, 3.37 mmol) were added as solid. The 
reaction was cooled in a water bath and allyl bromide (0.804 ml, 9.29 mmol) was 

10 added. After 3 hours stirring at room temperature, the reaction mixture was diluted 
with methylene chloride, washed with aqueous NH4CI solution and brine, dried over 
anhydrous sodium sulfate, filtered and concentrated in vacuo. The crude reaction 
mixture was purified by flash column chromatography on silica gel with 1:4 ethyl 
acetate/hexane as the eluant to give the titled compound. 'H NMR (CDCI3, 500 

15 MHz): 8.54 (s, IH), 8.38 (s, IH), 7.68 (s, IH), 5.93 (m, IH), 5.16 (m. 2H), 3.40 (m, 
2H). 

StepB 




NHBoc 



20 

The intermediate prepared in Step A (1.4 g, 7.07 mmol) in THF (3.3 
ml) was added isopropylmagnesium chloride (2M in THF, 4.59 ml, 9.19 mmol). The 
reaction mixture was stirred at room temperature for 1 h. N'(tert- 
ButoxycarbonyI)glycine-N'-methoxy-N'-methylamide (0.77 g, 3.53 mmol) was added 

25 in THF (4 ml). After stirring at room temperature for 3 hours, the reaction mixture 
was poured into aqueous NH4CI solution and the product was extracted with 
methylene chloride. The organic layer was washed with brine, dried over anhydrous 
sodium sulfate, filtered and concentrated in vacuo. The crude product was purified by 
flash column chromatography on silica gel with 1:4 ethyl acetate/hexane as the eluant 

30 to give the titled compound. *H NMR (CDCI3, 500 MHz): 9.02 (s, IH), 8.66 (s, IH), 
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15 



8.05 (s. IH), 5.93 (m, IH), 5.16 (m. 2H). 4.66 (m, 2H), 3.47 (d, J = 6.4 Hz. 2H), 2.90 
(t,2H). 1.48(s,9H). 

StepC 




The intennediate prepared in Step B (1.3 g, 4.71 mmol) in MeoH (20 
ml) was added 10 % palladium on carbon (250 mg). The reaction mixture was stirred 
under a hydrogen balloon. After half an hour the reaction mixture was filtered 
10 through celite and the filtrate was concentrated in vacuo. The crude product was 
purified by flash column chromatography on silica gel with 3:7 ethyl acetate/hexane 
as the eluant to give the Utled compound, 'h NMR (CDCI3, 500 MHz): 8.94 (s, IH), 
8.60 (s. IH). 8.20 (s. IH). 4.55 (m, 2H). 2.72 (t. 2H), 1.70 (m. 2H). 1.45 (s, 9H), 0.98' 
(t. 3H). 



StepD 




The intermediate prepared in Step C (100 mg, 0.36 mmol) was treated 
20 in TFA in methylene chloride (30%. 10 ml) at room temperature for 30 min. Then the 
reaction mixture was concentrated in vacuo and azeotroped with chloroform three 
times. The resulting mixture was dissolved in DMF (3 ml) and the intermediate 
prepared as in Example 66 Step D (1 14 mg, 0.30 mmol), PyBop (374 mg, 0.72 
mmol), HOAt (98 mg, 0.72 mmol), and DIEA (376 ^1, 2.16 mmol) were added. The 
25 reaction mixture was stirred at room temperature overnight. The crude reaction 

mixture was poured into water and the product was extracted with ethyl acetate three 
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times. The organic layers were combined, washed with water and brine, dried over 
anhydrous sodium sulfate, filtered and concentrated in vacuo. The crude product was 
purified by flash column chromatography on silica gel with ethyl acetate as the eluant 
to give the titled compound. NMR (CDCI3, 500 MHz, mixture of rotamers Rl and 
5 R2 2:1 ratio): 9.12 (s, 0.33H, R2). 9.00 (s, 0.67H, Rl), 8.64 (s, 0.67H, Rl), 8.57 (s, 
0.33H, R2), 8.22 (s, 0.33H, R2), 8.03 (s, 0.67H, Rl), 5.94 (m, IH), 5.35-5.26 (m, 
1.33H). 4.91-4.52 (m, 3.67H), 4.20-3.20 (m. 6H), 2.88-2.83 (m, IH), 2.75-2.72 (t, 
0.66H. R2), 2.69-2.66 (t. 1.34H, Rl), 2.47-2.31 (m, 2H), 1.97-1.94 (m, IH), 1.78-1.74 
(q, 0.66H, R2), 1.7-1.67 (q, 1.34H, Rl), 1.27-1.24 (m. 6H), 1.04-1.01 (t, 0.99H, R2), 
10 0.98-0.96 (t,2.01H,Rl). 

StepE 




15 To intermediate prepared in Step D (300 mg, 0.554 mmol) was added 

fuming sulfuric acid (7 ml). The reaction mixture was stirred at 60 for 20 min, and 
then was slowly poured into ice water with stirring. The mixture was basified with 
potassium hydroxide to pH 12. The product was extracted with methylene chloride 
three times. The organic layers were combined, washed with brine, dried over 
20 anhydrous sodium sulfate, filtered and concentrated in vacuo. The crude product was 
purified by flash column chromatography on silica gel with 3:22 ammonia in MeOH 
(2M)/ethyl acetate as the eluant to give the titled compound. 'H NMR (CDCI3, 500 
MHz): 8.73 (s, IH), 8.42 (s, IH), 7.69 (s, IH), 7.34 (s, IH), 3.99-3.92 (m, 2H), 3.52- 
3.49 (m, IH), 2.98-2.77 (m, 4H), 2.68-2.65 (t, 2H), 2.60-2.56 (m. 2H), 1.74-1.68 (m, 
. 25 2H), 1.61 (s, 3H), 1.60 (s, 3H), 1.02-0.99(t, 3H). 

StepF 
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The intermediate prepared in Step E (94 mg, 0.213 mmol) and the 
epoxide intermediate prepared as in Example 1 Step P (84 mg, 0.213 mmol) in 
5 methanol (2 ml) was heated to reflux overnight. The solvent was removed in vacuo. 
The crude reaction mixture was purified by flash column chromatography on silica gel 
with ethyl acetate as the eluant to give the titled compound as a white solid. NMR 
(CDCI3, 500 MHz): 9.28 (bs, NH, IH), 8.73 (s, IH), 8.45 (s, IH), 7.69 (s, IH), 7.37- 
7.10 (m, 7H). 6.84-6.82 (m, IH). 6.71-6.67 (m. 2H), 5.71 (d, J = 4.60 Hz. IH), 4.46- 
10 4.10 (m, 3H). 3.80-3.70 (m. 2H). 3.54-2.42 (m, 17H), 1.81-1.45 (m, 14H). 1.03-1 00 
(t,3H). 

StepG 

(a/?,Y5,25)-iV-[(35,45)-3,4-dihydro-3-hydroxy-2i/-l-benzopyran-4-yIJ-Y-hydroxy-4- 
15 [l-methyl-l-[5-(5-propyl-3-pyridinyl)-2-oxazolyJ]ethyl]-a-(phenylmethyl)-2-t[(2,2,2- 
trifluoroethyi)amino]carbonyl]-l-piperazinepentanamide 



To a solution of the intermediate obtained in Step F (65 mg, 0.078 
mmol) in methanol (3.4 ml) was added 1 M HCl in ethyl ether (1.3 ml, 1.3 mmol). 
The reaction mixture was stirred at room temperature. After 5 hours the mixture was 
neutralized by 2 M ammonia in methanol. The solvent was removed in vacuo and the 
reaction mixture was diluted with methylene chloride and washed with 1 N NaOH. 
The aqueous layer was extracted with methylene chloride three Umes. The organic 
layers were combined, dried over anhydrous sodium sulfate, filtered and concentrated 
in vacuo. The crude product was purified by flash column chromatography with 3 % 
2M ammonia in methanol/ethyl acetate as the eluant. 'H NMR (CDCI3, 500 MHz): 
9.24 (bs, NH, IH), 8.71 (s, IH), 8.43 (s, 2H), 7.69 (s. IH). 7.36 (s. lH).'7.32-7.22 (m, 
4H), 7.16-7.07 (m, 2H), 6.15 (d, 7= 8.0 Hz, IH). 5.18-5.16 (m. IH), 4.12-3.99 (m, 
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2H). 3.82-3.74 (m, 3H), 3.36-2.44 (m. 14H), 1.93-1.88 (m, 2H), 1.74-1.69 (m, 2H), 
1.63-1.55 (m, 7H), 1.02-0.99 (t. 3H). LC-MS (M*+l) (EI) 793.2. 



10 



EXAMPLE 97 

(a/?,Y5,25)-N-[(35,4S)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-Y-hy 

[l-methyl-l-[4-methyl-5-(3-pyridinyl)-2-oxazolyl]ethyl]-a-(phenylmethyl)-2-[[(2,2,2- 

trifIuoroethyl)amino]carbonyl]-l-piperazinepentanamide 



Step A 





3-Broniopyridine (0.83 ml, 8.61 mmol) in THF (4 ml) was added 
15 isopropylmagnesium chloride (2M in THF, 5.6 ml, 11.19 mmol). The reaction 

mixture was stirred at room temperature for 1 h. iV^(rerf-Butoxycarbonyl)alanine-^'- 
methoxy-JV'-methylamide (1 g, 4.30 mmol) was added in THF (4 ml). After stirring 
at room temperature for 3 hours, the reaction mixture was poured into aqueous NH4CI 
solution and the product was extracted with methylene chloride. The organic layer 
20 was washed with brine, dried over anhydrous sodium sulfate, filtered and 
concentrated in vacuo. The crude product was purified by flash column 
chromatography on silica gel with 3:7 ethyl acetate/hexane as the eluant to give the . 
titled compound. 'H NMR (CDCI3. 500 MHz): 9.18 (d. 7 = 1.6 Hz, IH), 8.80-8.78 
(m, IH), 8.26-8.24 (m, IH), 7.44-7.42 (m, IH). 5.60 (bs, NH, IH), 5.25-5.22 (m, IH), 
25 1.43-1.40 (m, 12H). 
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StepB 




O 



N 



k^N O. 




HN 



5 The intermediate prepared in Step A (237 mg, 0.95 mmol) was treated 

in TFA in methylene chloride (30%, 20 ml) at room temperature for 30 min. Then the 
reaction mixture was concentrated in vacuo and azeotioped with chloroform three 
times. To the resulting mixture dissolved in DMF (6 ml) was added the intermediate 
prepared in Example 66 Step D (300 mg, 0.79 mmol), PyBop (986 mg, 1.90 mmol), 

10 HOAt (258 mg, 1 .90 mmol), and DIEA (990 ^il, 5.69 mmol). The reaction mixture' 
was stirred at room temperature overnight. The crude reaction mixture was poured 
into water and the product was extracted with ethyl acetate three times. The organic 
layers were combined, washed with water and brine, dried over anhydrous sodium 
sulfate, filtered and concentrated in vacuo. The crude product was purified by flash 

15 column chromatography on silica gel with 4: 1 ethyl acetate/hexane as the eluant to 
give the titled compound. 'H NMR (CDCI3, 500 MHz): 9.18 (d, 7 = 1.6 Hz, IH), 8.78 
(d. 3 = 3.9 Hz, IH), 8.29-8.27 (m, IH), 7.45-7.43 (m. IH), 5.98-5.93 (m, IH), 5.36- 
5.28 (m, 3H), 4.74-4.68 (m, 3H). 4.17-4.12 (m, 2H), 3.80-3.40 (m, 2H), 3.18-3.06 
(m. IH), 2.84-2.80 (m, IH), 2.41-2.28 (m, 2H), 1.51 (d, 7 = 7.1 Hz. 3H), 1.26 (s, 3H), 
20 1.16 (s, 3H). 



StepC 




F3C 
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To intermediate prepared in Step B (260 mg, 0.506 mmol) was added 
fuming sulfuric acid (5 ml). The reaction mixture was stirred at 60 °C for 20 min, and 
then was slowly poured into ice water with stirring. The mixture was basified with 
5 potassium hydroxide to pH 12. The product was extracted with methylene chloride 
three limes. The organic layers were combined, washed with brine, dried over 
anhydrous sodium sulfate, filtered and concentrated in vacuo to give the titled 
compound. 'H NMR (CDCI3. 500 MHz): 8.87 (d, J = 2.0 Hz, IH), 8.58-8.56 (m, 
IH), 8.15 (bs, NH, IH), 7.89-7.87 (m. IH), 7.52-7.38 (m, IH), 4.05-3.84 (m, 2H), 
10 3.56-3.54 (m, IH), 3.02-2.89 (m, 4H), 2.80-2.76 (m. IH), 2.65-2.55 (m, 2H), 2.44 (s, 
3H), 1.59 (s, 3H), 1.58 (s, 3H). 



StepD 




The intermediate prepared in Step C (172 mg, 0.419 mmol) and the 
epoxide intermediate from Example 1 Step P (165 mg, 0.419 mmol) in methanol (3.5 
ml) was heated to reflux overnight. The solvent was removed in vacuo. The crude 
reaction mixture was purified by flash column chromatography on silica gel with ethyl 
20 acetate as the eluant to give the titled compound. *H NMR (CDCI3, 500 MHz): 9.33 
(bs, NH, IH), 8.87 (d, /= 2.1 Hz, IH), 8.61-8.59 (m, IH), 7.87-7.85 (m, IH), 7.43- 
7.40 (m, IH), 7,35-7.10 (m, 6H), 6.84-6.65 (m, 3H), 5.71 (d, J = 4.60 Hz, IH), 4.46- 
4.10 (m, 3H), 3.73-2.46 (m, 16H), 2.45 (s, 3H). 1.78-1.57 (m, lOH), 1.28 (s, 3H). 

25 Step E 

(a/?,Y5,25)-A^-[(35,45)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl]-Y-hydroxy-4- 

[l-methyl-l-[4-methyl-5-(3-pyridinyl)-2-oxazolyl]ethyl]-a-(phenylmethyl)-2-[[(2,2,2- 

trifluoroethyl)amino]carbonyll-l-piperazinepentananiide 
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To a solution of the intermediate obtained in Step D (176 mg, 0.219 
mmol) in methanol (10 ml) was added 1 M HCl in ethyl ether (5 ml, 5 mmol). The 
reaction mixture was stirred at room temperature. After 6 hours the mixture was 
5 neutralized by 2 M ammonia in methanol. The solvent was removed in vacuo and the 
reaction mixture was diluted with methylene chloride and washed with 1 N NaOH. 
The aqueous layer was extracted with methylene chloride three times. The organic 
layers were combined, washed with brine, dried over anhydrous sodium sulfate, 
filtered and concentrated in vacuo. The crude product was purified by flash column 
10 chromatography with 1.5 % 2M ammonia in methanol/ethyl acetate as the eluant. 'H 
NMR (CDCI3, 500 MHz): 9.29 (bs, NH, IH), 8.86 (d, 7= 2.3 Hz, IH), 8,59-8.58 (m, 
IH), 7.88-7.86 (m, IH), 7.42-7.40 (m, IH), 7.32-7.22 (m. 4H), 7.12-7.07 (m, 2H), 

6.81- 6.78 (m, 2H), 6.16 (d, 7= 8.2 Hz, IH), 5.18-5.16 (m. IH), 4.16-3.99 (m, 3H), 

3.82- 3.36 (m, 5H), 3.10-2.65 (m, 9H), 2.47-2.44 (m, 4H), 1.93-1.88 (m, 2H), 1.61- 
15 1.56 (m, 7H). LC-MS (M^+1) (EI) 765.2. 



EXAMPLE 98 

(a/?,YS,25)-A^-[(35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-Y-hydroxy-4- 
20 [l-^[5-(5-methoxy-3-pyridinyl)-4-methyl-2-oxazolyl]-l-methylethyl]-a- 

(phenylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonylJ-l-piperazinepentanamide 
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A solution of 3,5-dibromopyridine (10 g, 42.2 mmol) in DMF (1 10 ml) 
was cooled in an ice bath. Sodium methoxide (25% by wt. in MeOH, 48.2 ml, 211.1 
mmol) was added. The reaction mixture was heated to 100 °C overnight. The 
5 reaction was quenched with water (100 ml). Concentrated HCl was added to pH 9. 
The mixture was concentrated to dryness in vacuo, then water (250 ml) was added. 
The product was extracted with ethyl acetate three times. The organic layers were 
combined, washed with brine, dried over sodium sulfate, filtered and concentrated in 
vacuo. The crude product was purified by flash column chromatography on silica gel 
10 with 30 % ethyl acetate/hexane as the eluant to give the titled compound. NMR 
(CDCI3, 500 MHz): 8.29 (s, IH). 8.25 (s, IH), 7.37 (s, IH), 3.86 (s, 3H). 

StepB 




15 

The intermediate prepared in Step A (2.07 g, 11.0 mmol) in THF (4 
ml) was added isopropylmagnesium chloride (2M in THF, 6.6 ml, 13.2 nunol). The 
reaction mixture was stirred at room temperature for 1 h. N'(tert- 
Butoxycarbonyl)alanine-^'-methoxy-A^'-methylamide (1.28 g, 5.50 mmol) was added 

20 in THF (15 ml). After stirring at room temperature for 3 hours, the reaction mixture 
was poured into aqueous NH4CI solution and the product was extracted with 
methylene chloride three times. The organic layer was combined, washed with brine, 
dried over anhydrous sodium sulfate, filtered and concentrated in vacuo. The crude 
product was purified by flash column chromatography on silica gel with 3:7 ethyl 

25 acetate/hexane as the eluant to give the titled compound. ^H NMR (CDCia, 500 

MHz): 8.81 (s, IH), 8.53 (s, IH), 7.74 (s, IH), 5.49 (bs, NH, IH), 5.27-5.24 (m, IH), 
3.98 (s, 3H), 1.47 (s, 9H), 1.45 (d, /= 7.3 Hz, 3H). 

StepC 
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The intermediate prepared in Step B (1.45 g, 5.17 mmol) was treated in 
TFA in methylene chloride (30%, 100 ml) at room temperature for 30 min. Then the 
5 reaction mixture was concentrated in vacuo and azeotroped with chloroform three 
times. The resulting mixture was dissolved in DMF (10 ml) and to this mixture was 
added the intermediate prepared in Example 66 Step P (1.97 g. 5.17 mmol), PyBop 
(5.4 g, 10.3 mmol), HOAt (1.4 g, 103 mmol). and DIEA (5.4 ml, 31.0 mmol). The 
reaction mixture was stirred at room temperature overnight. The crude reaction 

10 mixture was poured into water and the product was extracted with ethyl acetate three 
times. The organic layers were combined, washed with water and brine, dried over 
anhydrous sodium sulfate, filtered and concentrated in vacuo. The crude product was 
purified by flash column chromatography on silica gel with ethyl acetate as the eluant 
to give the titled compound. *H NMR (CDCI3, 500 MHz): 8.80 (s, IH), 8.49 (s, IH), 

15 7.70 (s, IH), 5.98-5.93 (m, IH), 5.36-5.27 (m, 3H), 4.75-4.68 (m, 3H), 4.18-4.11 (m, 
2H), 3.92 (s, 3H), 3.80-3.40 (m, 2H), 3.18-3.06 (m, IH), 2.85-2.83 (m, IH). 2.42-2.28 
(m, 2H), 1.52 (d, 7 = 7.1 Hz, 3H), 1.27 (s, 3H). 1.17 (s, 3H). 



StepD 




To intermediate prepared in Step C (L3 g, 2.39 mmol) was added 
fuming sulfuric acid (10 ml). The reaction mixture was stirred at 60 ""C for 20 min, 
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and then was slowly poured into ice water with stirring. The mixture was basified 
with potassium hydroxide to pH 12. The product was extracted with methylene 
chloride three times. The organic layers were combined, washed with brine, dried 
over anhydrous sodium sulfate, filtered and concentrated in vacuo. The crude product 
5 was purified by flash column chromatography on silica gel with 4 % 2M ammonia in 
MeOH/methylene chloride as the eluant to give the titled compound. 'H NMR 
(CDCI3. 500 MHz): 8.49 (s, IH), 8.28 (s, IH), 8.08 (bs, NH, IH), 7.37 (s, IH), 4.06- 
3.98 (m, IH). 3.95 (s, 3H), 3.90-3.82 (m, IH),. 3.00-2.87 (m, 3H), 2.78-2.54 (m, 3H), 
2.45 (s. 3H). 1.59 (s, 3H), 1.58 (s, 3H). 




The intermediate prepared in Step D (576 mg, 1.30 mmol) and the 
15 epoxide prepared in Example 1 Step P (513 mg, 1.30 mmol) in methanol (10 ml) was 
heated to reflux overnight. The solvent was removed in vacuo. The crude reaction 
mixture was purified by flash column chromatography on silica gel with ethyl acetate 
as the eluant to give the titled compound. 'H NMR (CDCI3, 500 MHz): 9.32 (bs, 
NH, IH). 8.48 (s, IH). 8.30 (s. IH), 7.35-7.10 (m, 7H), 6.84-6.67 (m, 3H), 5.72 (d, J 
20 = 4.60 Hz. IH). 4.47-4.13 (m. 3H). 3.95 (s. 3H), 3.72-2.41 (ra, 19H), 1.77-1.55 (m. 
lOH). 1.28 (s, 3H). 



StepF 

(a/?,Y5,25)-A^-[(35,45)-3,4-dihydro-3-hydroxy-2^/-l-benzopyran-4-yl]-Y-hydroxy-4- 
25 [l-[5-(5-methoxy-3-pyridinyl)-4-methyl-2-oxazolyl]-l-methylethyl]-a- 

(phenylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide 



-406 - 



wo 01/38332 



PCT/USOO/32089 



To a solution of the intermediate obtained in Step E (361 mg, 0.432 
mmol) in methanol (23 ml) was added 1 M HCl in ethyl ether (1 1 ml, 11 mmol). The 
reaction mixture was stirred at room temperature. After 6 hours the mixture was 
neutralized by 2 M ammonia in methanol. The solvent was removed in vacuo and the 
5 reaction mixture was diluted with methylene chloride and washed with 1 N NaOH. 
The aqueous layer was extracted with methylene chloride three times. The organic 
layers were combined, washed with brine, dried over anhydrous sodium sulfate, 
filtered and concentrated in vacuo. The crude product was purified by flash column 
chromatography with 3 % 2M ammonia in methanol/ethyl acetate as the eluant to give 
10 the titled the compound. 'H NMR (CDCI3, 500 MHz): 9.31 (bs, NH, IH), 8.48 (s, 
IH), 8.30 (s, IH), 7.35-7.23 (m. 5H), 7.14-7.08 (m, 2H), 6.82-6.79 (m, 2H), 6.08 (d. J 
= 8.0 Hz, IH). 5.19-5.16 (m. IH), 4.17-3.99 (m, 3H), 3.95 (s, 3H). 3.82-3.37 (m, 5H), 
3.10-2.66 (m, 9H), 2.48-2.45 (m, 4H), 1.91-1.77 (m, 2H), 1.61-1.57 (m. 7H). LC-MS 
(MM) (EI) 795.4. 



EXAMPLE 99 

(ot/f,Y5,2S)-iV-[(35,4S)-3,4-dihydro-3-hydroxy-2//-l.benzopyran-4-yl]-Y-hydroxy-4- 
[l-methyl-l-[5-[5-(methylthio)-3-pyridinyl]-2-oxazolyl]ethyl]-a-(phenylmethyl)-2- 
20 [[(2,2,2-trifluoroethyl)amino]carbony]]-l-piperazinepentanamide 



Step A 
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To a solution of 3,5-dibromopyridine (5 g, 21.1 mmol) in THF (10 ml) 



10 



15 



20 



was added isopropylmagnesium chloride (2M in THF, 13.7 ml, 27.4 mmol). The 
reaction was stirred at room temperature for 1 h. Methyl disulfide (2.09 ml, 23.2 
mmol) was added. After stirring at room temperature overnight, the reaction mixture 
was poured into aqueous NKUCl solution and the product was extracted with 
methylene chloride three times. The organic layer was combined, washed with brine, 
dried over anhydrous sodium sulfate, filtered and concentrated in vacuo. The crude 
product was purified by flash column chromatography on silica gel with 1:4 ethyl 
acetate/hexane as the eluant. The resulting product (1.25 g, 6.16 mmol) in THF (4 
ml) was added isopropylmagnesium chloride (2M in THF, 4.0 ml, 8.0 mmol). The 
reaction mixture was stirred at room temperature for 1 h. iV-(r€r?- 
Butoxycarbonyl)glycine-N'-methoxy-iV'-methylamide (715 mg, 3,08 mmol) was 
added in THF. After stirring at room temperature overnight, the reaction mixture was 
poured into aqueous NH4CI solution and the product was extracted with methylene 
chloride three times. The organic layer was combined, washed with brine, dried over 
anhydrous sodium sulfate, filtered and concentrated in vacuo. The crude product was 
purified by flash column chromatography on silica gel with 3:7 ethyl acetate/hexane 
as the eluant to give the titled compound. 'H NMR (CDCI3, 500 MHz): 8.91 (s, IH), 



8.70 (s, IH), 8.07 (s, IH), 5.48 (bs, NH, IH), 4.68 (d, J = 4,6 Hz, 2H), 2.59 (s, 3H), 
1.51(s, 9H). 



in TFA in Methylene chloride (30%) at room temperature for 30 min. Then the 
reaction mixture was concentrated in vacuo and azeotroped with chloroform three 
times. The resulting mixture was dissolved in DMF (4 ml) and to this mixture was 
added intermediate prepared in Example 66 Step D (412 mg. 1.08 mmol), PyBop 



StepB 




The intermediate prepared in Step A (305 mg, 1.08 mmol) was treated 
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(1.12 g, 2,16 mmol). HOAt (294 mg, 2.16 mmol), DDEA (1.13 ml, 6.48 mmol). The 
reaction mixture was stirred at room temperature overnight. The crude reaction 
mixture was poured into water and the product was extracted with ethyl acetate three 
times. The organic layers were combined, washed with water and brine, dried over 
5 anhydrous sodium sulfate, filtered and concentrated in vacuo. The crude product was 
purified by flash column chromatography on silica gei with ethyl acetate as the eluant 
to give the titled compound. NMR (CDCI3, 500 MHz): 8.90 (s, IH), 8.67 (s, IH), 
8.05 (s, IH), 6.84 (bs, NH, IH), 5.98-5.88 (m, IH), 5.36-5.27 (m, 2H), 4.82-4.50 (m, 
5H), 4.16-3.20 (m, 5H), 2.89-2.83 (m, IH), 2.56 (s, 3H), 2.45-2.33 (m, 2H), 1.27 (m, 
10 6H). 

Step C 




15 To intermediate prepared in Step B (270 mg, 0.495 mmol) was added 

fuming sulfuric acid (5 ml). The reaction mixture was stirred at 60 °C for 20 min, and 
then was slowly poured into ice water with stirring. The mixture was basified with 
potassium hydroxide to pH 12. The product was extracted with methylene chloride 
three times. The organic layers were combined, dried over anhydrous sodium sulfate, 

20 filtered and concentrated in vacuo. The crude product was purified by flash column 
chromatography on silica gel with 5 % 2M ammonia in MeOH/ethyl acetate as the 
eluant to give the titled compound. 'H NMR (CDCI3, 500 MHz): 8.65 (s, IH), 8.45 
(s, IH), 8.09 (bs, NH, IH), 7.75 (s, IH), 7.36 (s, IH), 3.98-3.48 (m, 4H). 2.98-2.72 
(m, 4H), 2.59-2.57 (m, 4H), 1.61 (s, 3H), 1.60 (s, 3H). 

25 

StepD 
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The intermediate prepared in Step C (98 mg, 0.22 mmol) and the 
epoxide prepared in Example 1 Step P (87 mg, 0.22 mmol) in methanol (2 ml) was 
5 heated to reflux overnight. The solvent was removed in vacuo. The crude reaction 
mixture was purified by flash column chromatography on silica gel with ethyl acetate 
as the eluant to give the titled compound. 'H NMR (CDCI3, 500 MHz): 9.25 (bs, 
NH. IH), 8.65 (s, IH), 8.48 (s, IH). 7.74 (s, IH), 7.39 (s, IH), 7.36-7.10 (m, 6H), 
6.84-6.67 (m, 3H), 5.71 (d, J = 4.60 Hz, IH), 4.47-4. 1 1 (m, 3H), 3.82-3.68 (m, 2H), 
10 3,54-2.81 (m, 7H), 2.69-2.42 (m. 9H), 1.80-1.50 (m, 9H). L31-L26 (m, 6H). 



StepE 

(a/?,Y5,25)-7V-[(35,45)-3,4-dihydro-3-hydroxy-2i/-l-benzopyran-4-yl]-Y-hydroxy-4- 
[l-methyl-l-[5-[5-(methylthio)-3-pyridinyl]-2-oxazoly1]ethyl]-a-(phenylmethyl)-2- 
15 [[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide 



To a solution of the intermediate obtained in Step D (85 mg, 0.102 
mmol) in methanol (5 ml) was added 1 M HCI in ethyl ether (2.5 ml, 2.5 mmol). The 
reaction mixture was stirred at room temperature. After 6 hours the mixture was 

20 neutralized by 2 M anmionia in methanol. The solvent was removed in vacuo and the 
reaction mixture was diluted with methylene chloride and washed with 1 N NaOH. 
The aqueous layer was extracted with methylene chloride three times. The organic 
layers were combined, washed with brine, dried over anhydrous sodium sulfate, 
filtered and concentrated in vacuo. The crude product was purified by flash column 

25 chromatography with 4 % 2M ammonia in methanol/ethyl acetate as the eluant to give 
the titled compound. "H NMR (CDCI3, 500 MHz): 9,21 (bs, NH, IH), 8.64 (s, IH), 
8.46 (s, IH), 7.74 (s, IH), 7.39 (s, IH), 7.32-7.22 (m, 4H), 7.12-7.07 (m, 2H), 6.80- 
6.77 (m, 2H). 6.17 (d, J = 8.2 Hz, IH), 5.18-5.16 (m, IH), 4.16-3.98 (m, 3H), 3.82- 
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3.74 (m, 2H), 3.39-3.36 (m, IH), 3.10-2.64 (m, lOH), 2.58 (s, 3H), 2.48-2.43 (m, 2H), 
1.94-1.88 (m, 2H), 1.63-1.53 (m, 7H). LC-MS (M*+l) (EI) 797.3. 



5 EXAMPLE 100 

(aR,Y5,25)-N-[(35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran--4-yl]-Y-hyclrox 

[l-[5-(5-dimethylamino-3-pyridinyl)-2-oxazolyl]-l-methylethyl]-a-(phenylmethyl)-^ 

[[(2,2,2-trifluoroethyl)aminolcarbonyl]-l-piperazinepentananiide 



10 

Step A 




15 To a solution of ferf-butanol (35.9 mL, 380 mmol) in THF (200 mL) 

was added sodium amide (59.3 g of a 50% solution in toluene, 760 mmol). The 
mixture was heated to 50 for 2 h. Dimethyamine was added (190 mL of a 2.0 M 
solution in THF, 380 mmol) and the solution was heated for an additional 2 h at 50 
^C. A solution of 3,5-dibromopyridine (45.0 g, 190 mmol in 150 mL THF) was 

20 added, and the reaction was heated for an additional 2 h at 50 °C. The reaction was 
then cooled to ambient temperature and added slowly to saturated aqueous NaHCOa 
(1 L). The mixture was extracted with EtOAc (2 x 700 mL), and the organic layers 
were washed with saturated aqueous NaHCOs (1 L), brine (500 mL), dried (MgS04), 
and concentrated in vacuo, affording a 1:1 mixture of 3-bromo-5- 

25 dimethyl aminopyridine and 3-bromo-4-dimethylaminopyridine. Purification by flash 
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chromatography (5% EtOAc in DCM) afforded the 3-bromo-5- 
dimethylaminopyridine as a yellow solid. NMR (CDCI3, 500 MHz) 8.05 (d, J = 
2.5 Hz, IH), 8.02 (d. J = 2.0 Hz, IH). 7,09 (s, IH), 3.00 (s, 6H). 

5 Step B 




To a solution of the intermediate prepared in Step A (9.35 g, 46.5 
mmol) in THF (250 mL) was added iyo-propylmagnesium chloride (37.5 mL of a 1.3 

10 M solution in THF, 48.8 mmol). After 1 h at ambient temperature, the reaction was 
cooled to 0 ^C, and a solution of /V-reft-butylcarboxyglycine-Af,(?- 
dimethylhydroxamide (5.07 g, 46.5 mmol) in 50 mL of THF was added, and the 
solution was warmed to ambient temperature. After 27 h the reaction was cooled to 0 
and quenched by the addition of saturated aqueous NaHC03 (500 mL). The 

15 organic layer was washed with brine (500 mL), dried (MgS04), and concentrated in 
vacuo. Purification by flash chromatography (5% MeOH, 45% EtOAc, 50% hexanes) 
afforded a 1:1 mixture of the pyridylketone and 3-dimethylaminopyridine as a brown 
oil. This mixture was carried on into the next series of reactions. 

20 Step C 




F 
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To a solution of the intermediate mixture prepared in Step B (5.65 g) 
in DCM (100 mL) was added TFA (50 mL). After 1 h at ambient temperature the 
reaction was concentrated in vacuo. The residue was dissolved in 100 mL DMF. To 
this solution was added the intermediate from Example 66, Step D (8.68 g, 18 mmol), 
5 followed by Pybop (9,36g, 1 8 mmol), then DDEA (31.3 mL, 1 80 mmol). The reaction 
was stirred at ambient temperature for 3 h, then quenched by the addition of saturated 
aqueous NaHCOa (200 mL). The mixture was diluted with EtOAc (500 mL) and the 
organic layer was washed with 0,5 M aqueous NaHC03 (3 x 300 mL), brine (300 
mL), dried (MgS04), and concentrated in vacuo. Purification by flash 

10 chromatography (5% MeOH, 75% EtOAc, 20% hexanes) afforded the piperazine 

amide derivative as a yellow solid. 'H NMR (CDCI3, 500 MHz) 8.56 (s, IH), 8.38 (s, 
IH), 7.42 (s, IH), 5.93 (m, IH), 5.35 (d, IH), 5.28 (d. IH), 4.83 m 2H), 4.68 (s, IH), 
4.5 (d, IH), 4.17 (m, 2H), 3.90 (s, IH). 3.80 (s. IH). 3.67 (d, IH). 3.28 (t. IH), 3.04 
(s, 6H), 2.5 (m, 2H), 2.46 (dd. IH), 2.38 (dt, IH), 1.26 (s, 6H). HPLC-MS (ES) 543.2 

15 (M+1). 

StepD 




To the intermediate prepared in Step C (5.72 g, 10.55 mmol) was 
20 added fuming sulfuric acid (20% oleum, 15 mL). The mixture was heated to 50 

for 15 minutes, then an additional 10 mL of fuming sulfuric acid was added, and the 
temperature increased to 70 *^C. After 30 minutes the reaction was cooled to ambient 
temperature, and quenched by slow addition of the reaction mixture to saturated 
aqueous NaHCOa (1 L). The aqueous layer was saturated with solid NaCl, and 
25 extracted with EtOAc (2 x 200 mL). The organic layer was dried (MgS04) and 
concentrated in vacuo, affording the pyridyiloxazole as a yellow solid. HPLC-MS 
(ES) 441.2 (M+1). 
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StepE 




F 



5 To a solution of the intermediate prepared in Step D (3.77 g, 8.57 

mmol) in IPA (20 mL) was added the intermediate from Example 1, Step P (4.04 g, 
10.28 mmol). The reaction was heated to reflux for 9 h, then cooled to ambient 
temperature, and concentrated in vacuo. Purification by flash chromatography (3% 
MeOH in EtOAc) afforded the coupled product as a yellow solid. HPLC-MS (ES) 
10 834.5 (M+1). 

StepF (a/?,Y5,2S)-iV-[(35,4S)0,4-<Iihydro-3-hydroxy-2H-l-benzopyran-4-yl^ 
Y-hydroxy-4-[ 1 -[5-(5-dimethylamino-3-pyridiny])-2-oxazolyl]- i -methylethyl]-a- 
(phenylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide 

15 

To a solution of the intermediate prepared in Step E (1.62 g, 1.94 
mmol) in MeOH (100 mL) was added HCl (50 mL of a IM solution in EtaO. 50 
mmol). After 6 h at ambient temperature, the reaction was quenched by adding it to 
saturated aqueous NaHCOa (500 mL). The organic layer was extracted with DCM (2 

20 X 200 mL). The combined organic layers were dried (Na2S04) and concentrated in 
vacuo. The product was purified by flash chromatography (5% MeOH in EtOAc) 
affording the title compound as a white solid. 'H NMR (CDCI3, 500 MHz) 9.31 (s, 
IH), 8.26 (d, J = 2.0 Hz, IH), 8.15 (d, J = 3.0 Hz, IH), 7.29 (m, 5H), 7.10 (m, 3H), 
6.81 (m, 2H), 5.96 (d, / = .5 Hz, IH), 5.18 (dd, J = 4.5 Hz, 7 = .0 Hz. IH), 4.09 (m, 

25 2H), 3.83 (m, IH), 3.76 (m, IH), 3,39 (s, IH), 3.12 (m, IH), 3.12 (d, J= 12 Hz, IH), 
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3.07 (s, 6H), 2.98 (m, 2H). 2.89 (m. IH), 2.82 (dd, / = 5.0 Hz, 7 = 12.5 Hz, IH), 2.76 
(m, IH), 2.69 (t, 7 = 13.0 Hz, 2H), 2.48 (dd, J = 2.5 Hz, 7 = 13.0 Hz, 2H), 1 .89 (t, J = 
1.5 Hz, IH) 1.84 (m, IH), 1.65 (s, 3H), 1.64 (s, 3H), 1.29 (m, IH). HPLC-MS (ES) 
794.2 (M+1). 

5 

EXAMPLE 101 

(a/?,Y5,25)-4-[l-[3-(5-methoxy-3-pyridinyl)-5-isoxazoly]4-methylethy^ 
3,4-dihydro-3-hydro\y-2//-l-benzopyran-4-yl]-Y-hydroxy-a-(phenylmethyl)-2- 
10 [[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide 



Step A 



15 




To a solution of bromonicotinic acid (5.00 g, 24.75 mmol) in DMF (50 
mL) was added sodium methoxide (28 mL of a 25% solution in MeOH, 124 mmol), 
followed by a catalytic amount of Cul (50 mg). The reaction was heated to 100 °C for 

20 72 h, then cooled to 0 ^C. To the solution was added HCl (29 mL of a 4.0 M solution 
in dioxane, 116 mmol), followed by triethylamine (17.2 mL, 123 mmol), then Pybop 
(15.45 g, 29.7 mmol). After 1 h at ambient temperature the reaction was quenched 
with 0.5 M NaHCOa (200 mL) and diluted with EtOAc (300 mL). The organic layer 
was washed with 0.5 M NaHCOs (3 x 200 mL), brine (200 mL), dried (MgS04, and 

25 concentrated in vacuo. Purification by flash chromatography (10% MeOH in EtOAc) 

-415 - 



wo 01/38332 PCT/USOO/32089 



afforded the methyl ester as a colorless oil. NMR (CD3OD, 500 MHz) 875 (s, 
IH), 8.43 (s, IH), 7.89 (s, IH), 4.83 (s, 3H). 3.93 (s, 3H). HPLC-MS (ES) 168.1 
(M+1). 

5 Step B 




To a solution of the intermediate prepared in Step A (2.56 g, 15.3 
mmol) in THF (150 mL) at 0 °C was added lithiumaluminum hydride (46 mL of a 10 

10 M solution in THF). After 30 minutes, the reaction was quenched by the addition of 
EtOAc (10 mL), followed by the slow addition of saturated aqueous NaHCOs (500 
mL). The mixture was extracted with EtOAc (2 x 500 mL). The combined organic 
layers were washed with brine, dried (MgS04), and concentrated in vauo. The 
resulting alcohol was dissolved in chloroform (100 mL). To this solution was added 

15 celite (5 g), followed by MnOa (13.0 g, 150 mmol). The mixture was heated to reflux 
for 30 minutes, then cooled to ambient temperature and filtered thru celite. The liquid 
was concentrated in vacuo^ affording the aldehyde as a yellow oiL This material was 
dissolved in absolute ethanol (100 mL). To this solution was added pyridine (3.72 
mL, 46.0 mmol), followed by hydroxylamine hydrochloride (3.99 g, 57.5 mmol). The 

20 reaction was heated to reflux for 1 h, then cooled to ambient temperature and 

concentrated in vacuo. The residue was dissolved in EtOAc (100 mL) and washed 
with water (100 mL). The organic layer was dried (MgS04) and concentrated in 
vacuo, affording the oxime as a white solid. This material was dissolved in DMF (10 
mL) and heated to 50 °C. To the mixture was added N-chlorosuccinimide (1.01 g, 

25 7.56 mmol). After 30 minutes at 50 °C the reaction was cooled to ambient 

temperature and dissolved in EtOAc (200 mL). The solution was washed with water 
(200 mL), brine, dried (MgS04), and concentrated in vacuo, affording the 
chlorooxime as a yellow solid. 'H NMR (CD3OD, 500 MHz) 8.60 (s, IH), 8.35 (s, 
IH), 7.78 (s. IH), 3.97 (s. 3H). HPLC-MS (ES) 187.1 (M+1). 

30 

StepC 
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F 



To a solution of the intermediate prepared in Example 37, Step A (44.9 
g, 124 mmol) in THF (600 mL) was added thiosalicilic acid (28.8 g, 186 mmol). In a 
5 separate flask was prepared a solution of dipalladium(0)tris(dibenzylidineacetone) 
(5.70 g, 6.22 mmol) and l,4-bis(diphenyIphosphino)butane (7.16 g, 12.45 mmol) in 
THF (600 mL). The palladium(O) solution was added to the reaction mixture via 
cannula. After 2 h at ambient temperature the reaction mixture was quenched by the 
addition of 1% aqueous HCl (500 mL) and diluted with ether (2 L). The organic layer 

10 was washed with 1% aqueous HCl (3 x 500 mL). The combined aqueous layers were 
brought to pH 8 with saturated aqueous NaHCOs, then extracted with EtOAc (2 x 600 
mL). The combined organic layers were dried (MgS04) and concentrated in vacuo, 
affording 27.9 g of a colorless oil. To 8.38 g of this oil (30.2 mmol) in DCM (300 
mL) was added triethylamine (6.32 mL, 45.4 mmol), followed by di-tert- 

15 butyldicarbonate (7.92 g, 36.3 mmol). After 1 h at ambient temperature, the reaction 
was quenched by the addition of saturated aqueous NaHCOs (200 mL). The organic 
layer was dried (Na2S04) and concentrated in vacuo. Purification by flash 
chromatography afforded the Boc-protected piperazine as a colorless oil. *H NMR 
(CDCb, 500 MHz) 7.20 (s, IH). 4.76 (s, IH), 4.00 (m, 2H), 3.58 (d, IH), 3.06 (m, 

20 2H), 2.40 (dd, IH), 2.30 (m, IH), 1.50 (s, 9H), 1.47 (s. 3H), 1.44 (s, 3H). 

StepD 
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N 



O 

NH 



F 



To a solution of the intermediate prepared in Step C (0.380 g, 1.01 



mmol) in THF (1.5 mL) was added DBEA (0.875 mL, 5.04 mmol), and the mixture 
5 was heated to 55 ^C. To this solution was added dropwise over 1 h a solution of the 
intermediate prepared in Step B (0.375 g, 2.01 mmol) in THF (2.5 mL). After 
completion of the reagent addition, the reaction was stirred at 55 °C for 16 h, then 
cooled to ambient temperature and quenched by the addition of saturated aqueous 
NaHC03 (20 mL). The mixture was diluted with EtOAc (50 mL), and the organic 



10 layer was washed with brine (30 mL), and concentrated in vacuo. Purification by flash 
chromatography afforded the isoxazole as a yellow solid. 'H NMR (CDCI3, 500 
MHz) 8.60 (s, IH), 8.41 (s, IH), 7.69 (s, IH), 7.00 (s, IH), 6.49 (s, IH), 4.71 (s, IH), 
4.09 (m, 2H), 3.60 (d. IH), 3.04 (s, IH), 2.95 (d, IH), 2.31 (dd, IH), 2.23 (dt, IH), 
1.72 (s, IH), L69 (s. 3H). 1.61 (s, 3H), 1.49 (s, 9H). 

15 

StepE 



F 

To a solution of the intermediate prepared in Step D (88.3 mg, 0.167 
mmol) in DCM (5 mL) was added TFA (2.5 mL). After 2 h at ambient temperature. 



\ 



o 
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the reaction was quenched by the addition of saturated aqueous NaHCOa (10 mL). 
The organic layer was dried (Na2S04) and concentrated in vacuo, affording the 
deprotected piperazine as a colorless oil. HPLC-MS (ES) 428.2 (M+1). 



5 StepF 



10 




To a solution of the intermediate prepared in Step E (68.0 mg, 0.159 
mmol) in IPA (1 mL) was added the epoxide intermediate from Example 1, Step P 
(93.9 mg, 0.239 mmol). The reaction was heated to reflux for 13 h, then concentrated 
in vacuo. Purification by flash chromatography afforded the coupled product as a 
white solid. HPLC-MS (ES) 821.5 (M+1). 



StepG (aR,y5,2S)-4-[l-[2-(5-methoxy-3-pyridinyl)-4-!Soxazoly]-l- 
methylethyI]-iV-[(35,45)-3,4-dihydro-3-hydroxy-2H.l-benzopyran-4-yl]-Y-hydroxy-a- 
15 (phenylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-pipera2inepentanamide 

To a solution of the intermediate prepared in Step F (55,6 g, 0.0678 
mmol) in MeOH (5 mL) was added HCl (1.5 mL of a 1 M solution in EtaO, L5 
mmol). After 8 h at ambient temperature, the reaction was quenched by the addition 

20 of saturated aqueous NaHCOs (10 mL), and DCM (30 mL). The organic layer was 
dried (Na2S04) and concentrated in vacuo. Purification by flash chromatorgaphy 
afforded the title compound as a white solid. 'H NMR (CDCI3, 500 MHz) 9.12 (s, 
IH), 8.58 (d, 7 = 1.0 Hz, IH), 8.43 (d,7 = 3\0 Hz, IH), 7.70 (t. J = 2.0 Hz, IH), 7.30 
(m, 4H), 7.13 (t, J = 7.5 Hz, IH), 7.10 (d, J = 10.5 Hz, IH), 6.82 (m, 2H), 6.49 (s, 

25 IH). 6.01 (d. J = 8.0 Hz, IH), 5.18 (dd, 7 = 4.0 Hz, 7 = 8.0 Hz, IH), 4.23 (m, IH), 
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4.06 (d, y = 1 1 Hz, IH), 4.01 (dd, J = 5.0 Hz. J = 12.0 Hz, IH), 3.96 (s, 3H), 3.85 (m, 
3H), 3.50 (m, IH), 3.38 (s, IH), 3.01 (d, J = 12.0 Hz, IH), 2.90 (m. 3H), 2.82 (dd, J = 
4.5 Hz, 7 = 12.0 Hz, IH), 2.72 (m, 3H), 2.49 (dt, J = 4.0 Hz, / = 15.5 Hz, 2H), 2.20 (s, 
IH), 1.93 (t, 7 = 11.0 Hz, IH). 1.70 (s, IH), 1.60 (s. 3H), 1.58 (s, 3H). HPLC-MS 
5 (ES) 781.4 (M+1). 



EXAMPLE 102 

(aR.Y5,2S)-4-[l-[2-(5-methoxy-3-p>Tidinyl)-4-thiazolyl]-l-methylethy^ 
10 3',4-di hydro-3-hydroxy-2//- 1 -benzopyran-4-yl]-Y-hydroxy-a-(phenylniethyl)-2- 
[[(2,2,2-trifluoroethyl)amino]carbonyll-l-piperazinepentanainide 




To a solution of 5-bromonicotinic acid (10.0 g, 49.5 mmol) in DMF 
(80 mL) was added 25% sodium methoxide in MeOH (53.5 mL. 247 mmol) and a 
catalytic amount of Cul (200 mg). The solution was heated to 100 °C for 19 h, then 

20 cooled to ambient temperature. The reaction was concentrated in vacuo, and the 
residue was suspended in DCM (100 mL), To this mixture was added N- 
hydroxysuccinimide (6.27 g, 54.4 mmol), followed by EDC (10.44 g, 54.4 mmol). 
After 4 h at ambient temperature, 30% NH4OH (8.67 mL, 74.25 mmol) was added. 
After an additional Ih at ambient temperature, the reaction was concentrated in vacuo. 

25 The residue was dissolved in EtOAc (200 mL) and washed with saturated aqueous 
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NaHCOs (200 mL). The organic layer was dried (MgS04) and concentrated in vacuo. 
Purification by flash chromatography afforded the pyridyl amide as a white solid. 'H 
NMR (CD3OD, 500 MHz) 8.63 (s, IH), 8.38 (s, IH). 7.80 (s. IH), 4.82 (s, 3H); 
HPLC-MS (ES) 153.2 (M+1). 

5 

StepB 

S 




To a suspension of the intermediate prepared in Step A (250 mg, 1.64 
10 mmol) in toluene (15 mL) was added Lawesson's reagent (2.66 g, 6.57 mmol). The 
mixture was heated to reflux for 3 h. then cooled to ambient temperature and filtered 
thru celite. The liquid phase was concentrated in vacuo, and purified by flash 
chromatography (70% EtOAc in hexanes) affording the thioamide as a yellow solid. 
'H NMR (CDCI3, 500 MHz) 8.58 (s. IH), 8.37 (s. IH). 7.80 (s. IH). 7.64 (s, IH), 
15 7.32 (s, 1), 3.91 (s, 3H). HPLC-MS (ES) 169.1 (M+1). 

Step C 




F 



To a solution of the intermediate prepared in Example 37. Step A (44.9 
g, 124 mmol) in THF (600 mL) was added thiosalicilic acid (28.8 g, 186 mmol). In a 
separate flask was prepared a solution of dipalladium(0)tris(dibenzylidineacetone) 
(5.70 g, 6.22 mmol) and l,4-bis(diphenylphosphino)butane (7.16 g, 12.45 mmol) in 
THF (600 mL). The palladium(0) solution was added to the reaction mixture via 
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cannula. After 2 h at ambient temperature the reaction mixture was quenched by the 
addition of 1% aqueous HCI (500 mL) and diluted with ether (2 L). The organic layer 
was washed with 1% aqueous HCI (3 x 500 mL). The combined aqueous layers were 
brought to pH 8 with saturated aqueous NaHCOs, then extracted with EtOAc (2 x 600 
5 mL). The combined organic layers were dried (MgSO^) and concentrated in vacuo, 
affording 27.9 g of a colorless oil. To this oil (19.2 g) in IM aqueous H2SO4 (300 
mL) was added HgO (18.2 g. 83.3 mmol), and the mixture was stirred at ambient 
temperature. After 1 h, the reaction was quenched by the addition of saturated 
aqueous NaHCOs until the solution was pH 8. The solution was further diluted with 

10 CH3CN (500 mL), followed by the addition of ethanethiol, which immediately 
precipitated the mercury salts. The suspension was filtered, and the liquid was 
extracted with EtOAc (2 x 1.5 L). The organic layers were washed with saturated 
aqueous NaHCOs (500 mL), brine (500 mL), dried (MgS04), and concentrated in 
vacuo, affording the methyl ketone as a brown oil. NMR (CDCI3, 500 MHz) 7.83 

15 (s, IH), 4.07 (m, IH), 3.90 (m, IH), 3.60 (s, IH), 2.92 (m, 2H), 2.79 (m, IH), 2.73 (m, 
IH), 2.38 (m, 2H), 2.23 (s, 3H), 1.84 (s, IH), 1.13 (s, 3H). 1.12 (s, 3H); HPLC-MS 
(ES) 296.1 (M+1). 



StepD 




To a solution of the intermediate from Step C (20.5 g, 69.4 nmiol) in 
DCM (500 mL) at -78 ^'C was added triethylamine (33.8 mL, 243 mmol), followed by 
trimethylsilyl trifluoromethanesulfonate (33.5 mL, 173 mmol). The reaction was 
25 warmed slowly to ambient temperature. After stirring 12 h, solid NaHC03 was added 
(15.0 g, 180 mmol), followed by /V-bromosuccinimide (27.2 g, 152 mmol). After an 
additional 1 h at ambient temperature, allyl chloroformate was added (9.57 mL, 90.2 
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mmol), followed by triethylamine (10 mL, 90.2 mmol). The reaction was stirred for 
an additional 1 h at ambient temperature, then quenched by the addition of saturated 
aqueous NaHCOs (300 mL). The organic layer was dried (Na2S04), and concentrated 
in vacuo, yielding a black oil. Purification by flash chromatography (5% EtOAc in 
DCM) afforded the pure bromoketone as a beige solid. 'H NMR (CDOj, 500 MHz) 
6.64 (s, IH), 5.96 (m, IH), 5.78 (m, IH), 5.32 (m, 2H). 4.83 (s, lH),4.64'(d. 2H). 
4.22 (m. 3H). 3.90 (d. IH), 3.60 (d, 2H), 3.12 (s, IH), 2.60 (s, IH, 2.38 (d, IH), 2.34 
(t, IH), 1.26 (s. 3H), 1.19 (s, 3H); HPLC-MS (ES) 458.1, 460.1 (1:1 ratio M-l' 
M+1). 

StepE 




' ^ — N 



NH 




To a solution of the intermediate in Step D (15 mg, 0.330 mmol) in 
15 DMF (1 mL) was added the intermediate from Step B (61.0 mg, 0.360 mmol). The 
solution was heated to 60 °C for 16 h, then cooled to ambient temperature. The 
reaction was diluted with EtOAc (30 mL) and washed with saturated aqueous 
NaHCOs (5 mL) and brine (5 mL), dried (MgS04). and concentrated in vacuo. The 
residue was purified by preparative TLC, affording the pure pyridyl thiazoline as a 
20 yellow oil. 'h NMR (CDCb, 500 MHz) 8.73 (d, IH), 8.37 (d. IH). 7.69 (m. IH. 7. 14 
(d. IH), 5.78 (m. IH). 5.18 (d. IH). 5.11 d. IH). 4.09 (m. IH). 3.92 (s. 3H). 3.70 (m, 
IH), 3.59 (m. IH). 3.42 (s, IH), 3.20 (s. IH). 3.09 (m, IH), 2.97 (m. IH), 2.82 (m. 
IH). 2.60 (m, 2H). 1.50 (s. 3H), 1.49 (s. 3H). HPLC-MS (ES) 528.2 (M+1). 

25 StepF 
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F 



To a solution of the intermediate from Step E (72.0 mg, 0.136 mmol) 
in THF (0.5 mL) was added thiosalicilic acid (31.0 mg, 0.200 mmol) under N2. In a 
5 separate flask was prepared a solution of dipalladium(0)tris(dibenzylidineacetone) 
(125 mg, 0.136 mmol) and l,4-bis(diphenylphosphino)butane (156 mg, 0.272 mmol) 
in THF (0.5 mL). The palladium(0) solution was added to the reaction mixture via 
cannula. After 2 h at ambient temperature the reaction mixture was quenched by the 
addition of 1% aqueous HCl (0.5 mL) and diluted with ether (20 mL). The organic 
10 layer was washed with 1% aqueous HCl (3x5 mL). The combined aqueous layers 
were brought to pH 8 with saturated aqueous NaHCOs, then extracted with EtOAc (2 
X 20 mL), The combined organic layers were dried (MgS04) and concentrated in 
vacuo, affording the deprotected piperazine as a colorless oil. HPLC-MS (ES) 444.2 
(M+I). 

15 

StepG 
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To a solution of the intermediate prepared in Step F (36 mg, 0.081 
mmol) in IPA (1 mL) was added the epoxide intermediate from Example 1, Step P (45 
mg, 0.12 mmol). The reaction was heated to reflux for 18 h, then concentrated in 
vacuo. Purification by preparative TLC (EtOAc) afforded the coupled product as a 
5 white solid. HPLC-kS (ES) 837.5 (M+1). 

Step H (a«.Y5,25)-4-[l-[2-(5-methoxy-3-pyridinyl)-4-thiazolyl]-l- 

methylethyI]-A^-[(3S.45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-Y-hydroxy-a- 

(phenylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanainide 

0 

To a solution of the intermediate from Step G (27 mg. 0.032 mmol) in 
MeOH (3 mL) was added IM HCI in EtjO (0.7 mL). After stirring 16 h at ambient 
temperature, the reaction was quenched by the addition of saturated aqueous NaHCOs 
(10 mL). The solution was exti-acted with EtOAc (30 mL). The organiclayer was 

5 dried (MgSO*) and concentrated in vacuo. Purification of the residue by preparative 
TLC (1% MeOH in EtOAc) afforded the title compound as a white solid. 'H NMR 
(CD3OD. 500 MHz) 8.68 (s. IH), 8.30 (d, / = 2.5 Hz, IH), 7.88 (s, IH). 7.48 (s, IH), 
7.19 (m, 5H), 7.08 (m, 2H). 6.78 (t, 7 = 7.0 Hz. IH), 6.71 (d, 7 = 8.0 Hz. IH). 5.13 (d, 
/ = 3.5 Hz. IH). 4.82 (s. 3H). 4.06 (m, 2H). 3.75 (m, 2H). 3.30 (s. IH), 3.12 (s, IH). ' 

) 3.01 (m, IH), 2.91 (m. 2H). 2.72 (m, 2H), 2.59 (s, IH), 2.47 (s, IH). 2.38 (m. 2H), ' 
2.01 (t,y = 13.5 Hz, IH), 1.56 (s, 6H), 1.39 (m, 2H). HPLC-MS (ES) 797.2 (M+1). 



EXAMPLE 103 

(cxR,Y5,25)-4-[l-[2-(5-chloro-3-pyridinyl)-4-thiazolyl]-l-methylethyl]-iV-[(3S,4S>3,4- 

dihydro-3-hydroxy-2//-l-benzopyran^-yl]-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide 
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Step A: 



O 




5 To a stirred suspension of 5-bromonicotinic acid (15.01 g, 74.3 mmol) 

in DCM (1 L) was added N-hydroxysuccinamide (8.55 g, 74.3 mmol), followed by a 
suspension of EDC (14.23 g, 74.2 mmol) in 30 mLDCM. Upon dissolution of the 
suspension (30 min) the reaction mixture was concentrated in vacuo to a dry solid. 
This material was dissolved in EtOAc (1 L) and washed with 0.5 N NaHCOa (2 x 700 

10 mL) and brine (100 mL). The organic layer was dried (MgS04) and concentrated in 
vacuo^ affording the succinate ester as a white solid. This material was dissolved in 
dioxane (600 mL), and treated with 30% aqueous NH4OH (13 mL, 111 mmol), 
forming a precipitate. The solid was filtered, and washed with dioxane (4 x 100 mL). 
The combined liquid phases were concentrated in vacuo, affording the amide as a 

15 whitesolid. 'HNMR(CD30D, 5OOMH2) 8.98 (d,/=9.4Hz, IH). 8.82 (d,y = 9.1 
Hz, 1 H), 8.46 (d, J = 9.3 Hz, IH), 4.86 (s, 2H). 

StepB 



S 




20 

To a solution of the intermediate prepared in Step A (3.50 g, 17.4 
nmiol) in DMF (40 mL) was added CuCl (8.64 g, 87.2 mmol). The suspension was 
heated to 100 °C under N2 for 72 h, then cooled to ambient temperature and 
concentrated to minimum volume in vacuo. To the remaining mixture was added 
25 10% aqueous NfflUOH (200 mL), and this solution was extracted with EtOAc (2 x 200 
mL). The organic layers were washed with water (100 mL), and brine (100 mL), 
dried (MgS04), and concentrated in vacuo, affording 814 mg (30%) of the chlorinated 
amide as a yellow solid. To this amide (300 mg, 1.92 nomol) in toluene (20 mL) was 
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added Lawesson's reagent (3.10 g, 7.68 mmol). The mixture was heated to reflux for 
4 h, then cooled to ambient temperature and filtered thru celite. The liquid phase was 
concentrated in vacuo, and purified by flash chromatography (40% EtOAc in hexanes) 
affording the thioamide as a yellow solid. 'H NMR (CD3OD, 500 MHz) 8.92 (s, IH), 
5 8.45 (s, IH), 8.30 (s, IH). 3.87 (s, 2H). 

StepC 




F 



10 To a solution of the intermediate from Example 102, Step D (1 56 mg, 

0.342 mmol) in DMF (1 mL) was added the intermediate from Step B (65.9 mg, 0.382 
mmol). The solution was heated to 60 °C for 16 h, then cooled to ambient 
temperature. The reaction was diluted with EtOAc (30 mL) and washed with 
saturated aqueous NaHCOa (5 mL) and brine (5 mL), dried (MgS04), and 

15 concentrated in vacuo. The residue was purified by preparative reverse phase HPLC, 
affording the pure pyridyl thiazoline as a yellow oil NMR (CDCI3, 500 MHz) 
9.00 (d, 7 1.6 Hz, IH), 8.63 (d, J = 2.3 Hz, IH), 8.25 (t, J = 2.0 Hz, IH), 5.93 (m, IH), 
5.32 (d, J = 17.4 Hz, IH), 5.23 (d, J = 10.6 Hz. IH), 4.80 (s, IH), 4.64 (m, 2H), 4.12 
(m, IH), 3.94 (m. 2H), 3.48 (d, 7 = .5 Hz, IH), 3.19 (s, IH), 3.02 (d, J = 10.7 Hz, IH), 

20 2.48 (s, IH), 2.38 (s, IH), 1.60 (s, 3H), 1.58 (s, 3H); HPLC-MS (ES) 532.2 (M+1). 

StepD 
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F 



To a solution of the intermediate from Step C (75,0 mg, 0.140 mmol) 
in THF (0.5 mL) was added thiosalicilic acid (33.9 nng, 0.220 mmol) under N2. In a 
5 separate flask was prepared a solution of dipalladium(0)tris(dibenzylidineacetone) 
(8.1 mg, 0.009 mmol) and l,4-bis(diphenylphosphino)butane (6.8 mg, 0.0016 mmol) 
in THF (0.5 mL). The palladium(O) solution was added to the reaction mixture via 
cannula. After 2 h at ambient temperature the reaction mixture was quenched by the 
addition of 1% aqueous HCl (0.5 mL) and diluted with ether (20 mL). The organic 
10 layer was washed with 1% aqueous HCl (3x5 mL). The combined aqueous layers 
were brought to pH 8 with saturated aqueous NaHCOs, then extracted with EtOAc (2 
x 20 mL). The combined organic layers were dried (MgS04) and concentrated in 
vacuo, affording the deprotected piperazine as a colorless oil. HPLC-MS (ES) 448.2 
(M+1). 

15 

StepE 
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To a solution of the intermediate prepared in Step D (40 mg, 0.089 
mmol) in EPA (1 niL) was added the epoxide intermediate from Example 1, Step P (49 
mg, 0.12 mmol). The reaction was heated to reflux for 9 h, then concentrated in 
vacuo. Purification by preparative reversed phase HPLC afforded the coupled product 
5 as a white solid. HPLC-MS (ES) 841.4 (M+1). 



StepF 

(a/?,Y5,25H--[^[2-(5-chloro-3-pyridinyl)-4-thiazolyl]-l-methylethyl^ 
dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2- 
10 trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide 



To a solution of the intermediate from Step E (30 mg, 0.036 mmol) in 
MeOH (3 mL) was added IM HCl in EtaO (0.5 mL). After stirring 16 h at ambient 
temperature, the reaction was quenched by the addition of saturated aqueous NaHC03 

15 (10 mL). The solution was extracted with EtOAc (30 mL). The organic layer was 
dried (MgS04) and concentrated in vacuo. Purification of the residue by 
chromatotron TLC (3% MeOH in EtOAc) afforded the title compound as a white 
solid. 'H NMR (CDCI3, 500 MHz) 9.60 (s, IH), 9.00 (s, IH), 8.66 (s, IH), 8.25 (s, 
IH), 7.26 (m, 5H), 7.10 (m, 4H), 6.80 (s, 2H), 6.12 (m, IH), 5.17 (s, 2H), 4.06 (m, 

20 3H), 3.82 (m, 2H), 3.61 (m, 2H), 3.36 (m, IH), 3.07 (d, 7 = 10.5 Hz, IH), 2.92 (m, 
4H). 2.69 (m, 2H), 2.67 (m, 3H), 2.44 (m, 3H), 1.90 (m, 3H), L58 (s, 6H), 1.28 (m, 
IH); HPLC-MS (ES) 801,3 (M+1). 



25 EXAMPLE 104 

(ocR,Y5,2S)-4-[142-(3-pyridinyl)-4-thiazolyl>l-methylethyl]-A^-[(35,45)-3,4-d^ 

3-hydroxy-2//-l-benzopyran-4-yl]-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2- 

trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide 
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Step A 




5 

To a solution of the intermediate from Example 102. Step D (200 mg, 
0.436 mmol) in DMF (1 mL) was added pyridyl-3-thioamide (85.4 mg, 0.619 nmiol). 
The solution was heated to 60 °C for 16 h, then cooled to ambient temperature. The 
reaction was diluted with EtOAc (30 mL) and washed with saturated aqueous 

10 NaHC03 (5 mL) and brine (5 mL), dried (MgS04), and concentrated in vacuo. The 
residue was purified by preparative reverse phase HPLC, affording the pure pyidyl 
thiazoline as a yellow oil. NMR (CDCI3, 500 MHz) 9.17 (s, IH), 8.70 (s, IH), 
8.23 (d, J = .1 Hz, IH), 7.42 (t, J = 2.8 Hz, IH), 7.22 (s, IH), 5.92 (m, IH), 5.33 (d, J 
= 17.2 Hz, IH), 5.22 (dd, 7 = 0.9 Hz, / = 9.6 Hz, IH), 4.77 (s, IH), 4.63 (t, J = 7.3 Hz, 

15 2H), 4.13 (s, IH), 3.95 (m, IH), 3.84 (m, IH), 3.43 (m, IH), 3.15 (s, IH), 3.01 (d,7 = 
1 1.0 Hz, IH), 2,47 (d, 7 = 1 1.0 Hz. IH), 2.35 (m, IH), 1.58 (s. 3H), 1.56 (s, 3H); 1.28 
(m, IH); HPLC-MS (ES) 498.3 (M+1). 

StepB 
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F 



To a solution of the intermediate from Step A (89.0 mg, 0.179 mmol) 
in THF (0.5 mL) was added thiosalicilic acid (4.9 mg, 0.291 mmol) under N2. In a 
5 separate flask was prepared a solution of dipalladium(0)tris(dibenzyIidineacetone) 
(26.1 mg, 0.029 mmol) and l,4-bis(diphenylphosphino)butane (21.8 mg, 0.051 mmol) 
in THF (0.5 mL). The palladium(O) solution was added to the reaction mixture via 
cannula. After 2 h at ambient temperature the reaction mixture was quenched by the 
addition of 1% aqueous HCl (0.5 mL) and diluted with ether (20 mL). The organic 
10 layer was washed with 1% aqueous HCl (3x5 mL). The combined aqueous layers 
were brought to pH 8 with saturated aqueous NaHCOs, then extracted with EtOAc (2 
X 20 mL). The combined organic layers were dried (MgS04) and concentrated in 
vacuo, affording the deprotected piperazine as a colorless oil. HPLC-MS (ES) 4143 
(M+1). 

15 

StepC 
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To a solution of the intermediate prepared in Step B (35.5 mg, 0.086 
mmol) in IPA (1 mL) was added the epoxide intermediate from Example 1, Step P 
(67.1 mg, 0.171 mmol). The reaction was heated to reflux for 6 h, then concentrated 
in vacuo. Purification by preparative reversed phase HPLC afforded the coupled 
5 product as a white solid. HPLC-MS (ES) 807.4 (M+1 ). 

StepD (a/J,YS,2S)-4-[l-[2-(3-pyridinyl)-4-thia20lyl]-l-methylethyl]-iV- 
[(35,4S)-3,4-dihydro-3-hydroxy-2//-l-ben20pyran-4-yl]-Y-hydroxy-a-(phenyImethyl)- 
2-[ff2.2.2-trifIuoroethyl)amino1carbonvn-l- piperazincpentanamide 

10 

To a solution of the intennediate from Step C (21.3 mg, 0.026 mmol) 
in MeOH (3 mL) was added IM HCl in EtaO (0.5 mL). After stirring 16 h at ambient 
temperature, the reaction was quenched by the addition of saturated aqueous NaHCOs 
(10 mL). The solution was extracted with EtOAc (30 mL). The organic layer was 

15 dried (MgS04) and concentrated in vacuo. Purification of the residue by 

chromatotron TLC (2% MeOH in ElOAc) afforded the title compound as a white 
solid. NMR (CDCI3, 500 MHz) 9,68 (s, IH), 9.14 (d, 7 = 1.8 Hz, IH), 8.70 (dd, J 
= 1.1 Hz, / = L3 Hz, IH), 8.23 (d, / = 8.0 Hz, IH), 7.42 (dd, / = 4.8 Hz, / = 4.8 Hz, 
IH), 7.27 (m, 4H), 7.12 (m, 2H), 6.80 (m, 2H), 6.14 (s. IH), 5.17 (dd, / = 3.9 Hz, / = 

20 7.8 Hz, IH), 4.06 (m. 3H), 3.83 (m, 2H), 3.55 (s, IH), 3.35 (s, IH), 3.05 (d, /= 1L4 
Hz. IH). 2.94 (m, 3H), 2.80 (dd, J = 4.6 Hz, /= 12.1 Hz. 2H), 2.67 (m. 2H), 2.43 (d, / 
= 12.8 Hz. IH), 1.89 (m, 2H), 1.57 (s, 6H). 1.24 (s, IH); HPLC-MS (ES) 767.4 
(M+1). 

25 

EXAMPLE 105 

(OL/?,Y5,2S)-A^-[(3S,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-Y-hydroxy-4- 
[l-[l-(5-methoxy-3-pyridinyl)-lH-pyrazol-3-yl]-l-methy]ethyl]-a-(phenylmethyl)-2- 
[ [(2,2,2-tri fluoroethyl)amino]carbonyl] - 1 -piperazinepentanamide 
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Step A 




To a solution of 5-bromonicotinic acid (10.0 g. 49.5 minol) in DMF 
(80 mL) was added 25% sodium methoxide in MeOH (53.5 mL, 247 mmol) and a 
catalytic amount of Cul (200 mg). Thie solution was heated to 100 for 19 h, then 
cooled to ambient temperature. The reaction was concentrated in vacuo, and the 

10 residue was suspended in fe/t-butanol (100 mL). To the mixture was added 

triethylamine (7.59 mL, 54.4 mmol), followed by diphenylphosphoryl azide (1 1.7 mL, 
54.4 mmol). The resulting mixture was heated to reflux for 2 h, then cooled to 
ambient temperature and quenched with saturated aqueous NaHCOa (200 mL). The 
mixture was diluted with EtOAc (300 mL) and washed with 10% aqueous NH4OH 

15 (200 mL) and brine (200 mL). The organic layer was dried (MgS04) and 
concentrated in vacuo. Purification by flash chromatography (50% EtOAc in 
hexanes) afforded the Boc-amine. NMR (CDCI3, 500 MHz) 7.98 (s, IH), 7.96 (s, 
IH), 7.70 (s, IH), 6.79 (s, IH), 3.83 (s, 3H), 1.49 (s, H). 

20 Step B 



O 
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To a solution of the intermediate prepared in Step A (1.70 g, 7.59 
mmol) in DCM (16 mL) was added TFA (8 mL). After 1.5 h at ambient temperature 
the reaction was concentrated in vacuOy and dissolved in DMF (20 mL). This solution 
was added to a refluxing solution of ethyl glyoxylate (6.2 mL of a 50% solution in 
5 toluene). The resulting mixture was cooled to ambient temperature and stirred for 30 
minutes. To this solution was added sodium triacetoxyborohydride (6.43 g, 30.4 
mmol) and the resulting mixture was stirred for 1 h. The mixture was then diluted 
with ROAc (300 mL) and quenched with saturated aqueous NaHCOa (200 mL). The 
organic layer was washed with 0.5 M aqueous NaHCOa, brine, dried (MgS04) and 
10 concentrated in vacuo. Purification by flash chromatography afforded the 

pyridylglycine as a coloriess oil. 'H NMR (CDCI3. 500 MHz) 7.72 (s, IH), 7.68 (s, 
IH), 6.40 (s, IH). 4.45 (s. IH), 4.23 (q, 2H), 3.86 (s, 2H), 3.79 (s, 3H). 1.28 t, 3H). 
HPLC-MS (ES) 211.2 (M+1).. 

15 StepC 




The intermediate prepared in Step B (408 mg, 1.94 mmol) was 
dissolved in HCl (35% aqueous), and the resulting mixture was heated to 80 for 

20 1.5 h. The solution was then cooled to ambient temperature and concentrated in 
vacuo. The residue was dissolved in water (5 mL) at 0 and to this solution was 
added NaN02 (197 mg, 2,13 mmol). After 2.5 h at 0 the mixture was concentrated 
in vacuo, then dissolved in acetic anhydride (20 mL). The resulting mixture was 
heated to reflux for 45 minutes, then cooled to ambient temperature and concentrated 

25 in vacuo. Purification by flash chromatography (35% EtOAc in hexanes) afforded the 
sydnone as a yellow solid. NMR (CDCI3, 500 MHz) 8.59 (s. IH), 7.54 (s, IH), 
6.78 (s, IH), 3.94 (s, 3H). HPLC-MS (ES) 194.1 (M+1). 

StepD 



-434 - 



wo 01/38332 



PCT/USOO/32089 




F 



To a solution of the intermediate prepared in Step C (120 mg, 0.620 
mmol) in l,3-dichloroben2ene (2 mL) was added the intermediate prepared in 
5 Example 101, Step C (818 mg, 2.25 mmol). The mixture was heated to 135 °C for 36 
h, then cooled to ambient temperature and concentrated in vacuo. Purification by 
flash chromatography (50% EtOAc in hexanes) afforded the pyrazole. This material 
was dissolved in DCM (0.5 ml) and to this solution was added TFA (0.25 mL). After 
1 h at ambient temperature the reaction was quenched by the addition of saturated 

10 aqueous NaHCOa (5 mL) and diluted with DCM (30 mL). The organic layer was 
dried (Na2S04) and concentrated in vacuo, affording the deprotected piperazine as a 
colorless oil. *H NMR (CDCI3, 500 MHz) 8.49 (s, IH), 8.20 (s, IH). 8.07 (s, IH), 
7.83 (s, IH). 7.55 (s. IH), 6.40 (s, IH). 3.90 (m, IH), 3.89 (s, 3H). 3.80 (m, IH), 3.42 
(m, IH). .95 (m, IH), 2.80 (m, 2H), 2.68 (m, IH), 2.50 (m, 2H), 1.83 (s, IH), 1.43 (s. 

15 3H), 1 .42 (s, 3H). HPLC-MS (ES) 427,2 (M+1). 

StepE 
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To a solution of the intermediate prepared in Step D (98 mg, 0.23 
mmol) in IPA (2 mL) was added the epoxide intermediate prepared in Example 1, 
Step P (180 mg, 0.46 mmol). The solution was heated to reflux for 16 h, then cooled 
5 to ambient temperature and concentrated in vacuo. Purification by flash 

chromatography (EtOAc) afforded the coupled product as a white solid. HPLC-MS 
(ES) 820.5 (M+1). 

StepE (a/?,Y5,25)-A^-[(35,45)-3,4-dihydro-3-hydroxy-2/f-l-ben2opyran-4-yl]- 
10 Y-hydroxy-4-[l-[5-(5-methoxy-3-pyridinyl)-lff-pyrazol-3-yl]-l-methylethyl]-a- 
(phenylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonyi]-l-piperazinepentanamide 

To a solution of the intermediate prepared in Step F (82.4 mg, 0.100 
mmol) in MeOH (3 mL) was added HCl (L5 mL of a 1.0 M solution in EtaO, 1.5 

15 mmol). After 6 h at ambient temperature the reaction was quenched by the addition 
of saturated aqueous NaHCOs (20 mL). The mixture was extracted with DCM (50 
mL), and the organic layer was dried (Na2S04) and concentrated in vacuo. 
Purification by preparative TLC (1% MeOH in EtOAc) afforded the title compound as 
a white solid. *H NMR (CD3OD, 500 MHz) 8.59 (d, J = 2.0 Hz, IH), 8.27 (d, J = 2.5 

20 Hz, IH), 8.15 (d. /= 2.5 Hz, IH), 7.77 (t, 7= 2.5 Hz, IH), 7.20 (m. 5H) 7.10 (d, 7 = 
7.5 Hz, IH), 7.06 (d. J = 7.5 Hz, IH). 6.80 (t, J = 8.0 Hz, IH), 6.71 (d. J = 5.5 Hz, 
IH), .51 (d. / = 2.5 Hz. IH). 5.14 (d. J = 4.0 Hz, IH). 4.06 (m. 2H), 3.94 (s, 3H), 3.77 
(m, 2H). 3.07 (dd. 7 = 4.0 Hz, IH), 3.01 (m, IH). 2.95 (m, 3H). 2.81 (d, / = 9.0 Hz, 
IH) 2.74 (d, J = 6.5 Hz, IH), 2.71 (d, J = 6.5 Hz, IH), 2.68 (m, 2H), 2.53 (m. IH), 

25 2.43 (m, IH), 2.37 (d, J = 4.0 Hz. 2H), 2.03 (m, IH), 1.50 (s. 6H), 1.39 (m, IH). 
HPLC-MS (ES) 780.5 (M+1). 



EXAMPLE 106 

30 (a/f,Y5,25)-yV-[(3S,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-Y-hydroxy-4- 
( l-[ 1 -(5-chloro-3-pyridinyl)- l//-pyrazol-3-yl]-l -methylethyl]-a-(phenylmethyl)-2- 
[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide 
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Step A 




To a solution of 5-bomonicotinic acid (10 g, 99 mmol) in a 3:1 mixture 
of benzene/MeOH (200 mL) was added trimethylsilyldiazomethane (74.2 mL of a 2.0 
M solution in hexanes, 148 mmol). After 1 h at ambient temperature the reaction was 
quenched by the addition of acetic acid (5 mL). The reaction was diluted with EtOAc 
10 (300 mL) and washed with saturated aqueous NaHCOa (300 mL), and brine (300 mL). 
The organic layer was dried (MgS04) and concentrated in vacuo. The residue was 
then dissolved in DMF (100 mL), and to this solution was added CuCl (16.9 g, 171 
mmol). The mixture was then heated to 100 ''C for 24 h. The mixture was cooled to 
ambient temperature and diluted with EtOAc (1.5L). The organic layer was washed 
1 5 with 10% aqueous NH4OH (2 x 80 mL), and brine, dried (MgS04) and concentrated 
in vacuo. The material was then dissolved in THF (200 mL) and treated with LiOH 
(33.4 mL of a 2.0 M solution, 76.8 mmol). After 1 h the reaction was concentrated in 
vacuo, and the residue was dissolved in THF (50 mL) and brought to pH 7 with HCl 
(1.0 M in EtaO). This mixture was again concentrated in vacuo, then dissolved in 
/erf-butanol (135 mL), To the mixture was added triethylamine (9.46 mL, 67.9 
mmol), followed by diphenylphosphoryl azide (14.6 mL, 67.9 mmol). The resulting 
mixture was heated to reflux for 2 h, then cooled to ambient temperature and 
quenched with saturated aqueous NaHCOs (200 mL). The mixture was diluted with 
EtOAc (300 mL) and washed with 10% aqueous NH4OH (200 mL) and brine (200 
mL). The organic layer was dried (MgS04) and concentrated in vacuo. Purification 
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by flash chromatography (25% EtOAc in hexanes) afforded the Boc-amine. 'H NMR 
(CDCI3, 500 MHz) 8.28 (s, IH), 8.22 (s, IH). 8.16 (s, IH), 7.30 (s, IH), 1.51 (s, 9H). 

StepB 

O 



5 




To a solution of the intermediate prepared in Step A (L70 g, 7.59 
nunol) in DCM (16 mL) was added TFA (8 mL). After 1.5 h at ambient temperature 
the reaction was concentrated in vacuo, and dissolved in DMF (20 mL). This solution 

10 was added to a refluxing solution of ethyl glyoxylate (6.2 mL of a 50% solution in 
toluene). The resulting mixture was cooled to ambient temperature and stirred for 30 
minutes. To this solution was added sodium triacetoxyborohydride (6.30 g, 29.7 
mmol) and the resulting mixture was stirred for 1 h. The mixture was then diluted 
with EtOAc (300 mL) and quenched with saturated aqueous NaHCOa (200 mL). The 

15 organic layer was washed with 0.5 M aqueous NaHCOs, brine, dried (MgS04) and 
concentrated in vacuo. Purification by flash chromatography afforded the 
pyridylglycine as a colorless oil. 'H NMR (CDCI3, 500 MHz) 7.93 (s, IH), 7.89 (s, 
IH), 6.80 (s, IH), 4.50 (s, IH), 4.24 (q, 2H), 3.83 (d, 2H), 1.26 (t. 3H). HPLC-MS 
(ES) 215.1 (M+1). 

20 

StepC 




The intermediate prepared in Step B (397 mg, 1 .85 nrniol) was 
25 dissolved in HCl (35% aqueous), and the resulting mixture was heated to 80 for 
1.5 h. The solution was then cooled to ambient temperature and concentrated in 
vacuo. The residue was dissolved in water (5 mL) at 0 °C, and to this solution was 
added NaNOz (140 mg, 2.04 mmol). After 2.5 h at 0 °C the mixture was concentrated 
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in vacuo, then dissolved in acetic anhydride (20 mL). The resulting mixture was 
heated to reflux for 45 minutes, then cooled to ambient temperature and concentrated 
in vacuo. Purification by flash chromatography (50% EtOAc in hexanes) afforded the 
sydnone as a yellow solid. 'H NMR (CDCI3, 500 MHz) 8.92 (s, IH). 8.90 (s, IH), 
5 8.13 (s, IH), 6.80 (s. IH). HPLC-MS (ES) 198.1 (M+1). 

StepD 




10 To a solution of the intermediate prepared in Step C (200 mg, 1 .00 

mmol) in 1,3-dichIorobenzene (2 mL) was added the intermediate prepared in 
Example 101, Step C (940 mg. 2.51 mmol). The mixture was heated to 135 **C for 24 
h, then cooled to ambient temperature and concentrated in vacuo. Purification by 
flash chromatography (35% EtOAc in hexanes) afforded the pyrazole. *H NMR 

15 (CDCI3, 500 MHz) 8.79 (s, IH), 8.41 (s, IH), 8.04 (s, IH). 7.84 s, IH), 6.40 (s, IH), 
4.60 (s, IH), 3.90 (m, 3H), 3.41 (d, IH), 2.97 (s, IH), 2.80 (s, IH), 2.32 (dd, IH), 2.18 
(t, IH), 1.43 (s, 15H). HPLC-MS (ES) 531.2 (M+1). 

StepE 
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10 



The intermediate firom Step D was dissolved in DCM (1 ml) and to this 
solution was added TFA (0.5 mL). After 1 h at ambient temperature the reaction was 
quenched by the addition of saturated aqueous NaHCOs (5 mL) and diluted with 
DCM (30 mL). The organic layer was dried (Na2S04) and concentrated in vacuo, 
affording the deprotected piperazine as a colorless oil. To a solution of this 
intermediate (180 mg, 0.41 mmol) in IPA (4 mL) was added the epoxide intermediate 
prepared in Example 1, Step P (320 mg, 0.82 mmol). The solution was heated to 
reflux for 16 h, then cooled to ambient temperature and concentrated in vacuo. 
Purification by flash chromatography (EtOAc) afforded the coupled product as a 
white solid. HPLC-MS (ES) 824,4 (M+1). 



StepF (aR,Y5>25)-Ar-[(35,45)-3,4-dihydro-3-hydroxy-2i/-l-benzopyran-4-yl]- 
15 Y-hydroxy-4-[i-[5-(5-chloro-3-pyridinyl)-l//-pyrazoI-3-yl]-l-methylethyl]-a- 

(phenylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide 

To a solution of the intermediate prepared in Step E (191 mg, 0.230 
mmol) in MeOH (3 mL) was added HCl (L5 mL of a 1.0 M solution in EtaO, 1.5 
20 mmol). After 6 h at ambient temperature the reaction was quenched by the addition 
of saturated aqueous NaHCOs (20 mL). The mixture was extracted with DCM (50 
mL), and the organic layer was dried (Na2S04) and concentrated in vacuo. 
Purification by preparative TLC (EtOAc) afforded the title compound as a white solid. 
NMR (CD3OD, 500 MHz) 8.95 (d, J = 2.5 Hz, IH), 8.44 (d, J = 2.5 Hz, IH), 8.30 
25 (d, J = 2.5 Hz, IH), 8.29 (s, IH). 7.17 (m. 7H), 6.80 (t, / = 7.5 Hz, IH) 6.71 (d, J = 
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8.0 Hz, IH), 6.54 (d, J = 2.0 Hz, IH), 5. 14 (d, J = 4.5 Hz, IH), 4.07 (m, 2H), 3.97 (m, 
IH), 3.74 (m. 3H). 2.98 (m, 4H), 3.10 (s. IH) 2.96 (m, 3H), 2.83 (d, IH), 2.39 (d, J = 
6.5 Hz, 3H), 2.03 (t. 7 = 12 Hz, IH), 1.51 (s, 6H), 1.38 (m, IH). HPLC-MS (ES) 
784.4 (M+1). 



EXAMPLE 107 

(a/?,YS,25)-A^-[(35,45)-3,4-dihydro-3-hydroxy-27y-l-benzopyran-4-yl]-Y-hydroxy-^ 
[l-[l-(5-fluoro-3-pyridinyl)-m-pyrazoI-3-yl]-l.methylethyl]-a-(phenylme%^ 
10 [[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide 



Step A 




To a solution of 2,6-dichloro-5-fluoro-3-pyridinecarboxylic acid (30.0 
g, 143 mmol) in ferr-butanol (200 mL) was added iriethylamine (21.9 mL, 157 mmol), 
followed by diphenylphosphoryl azide (33.9 mL, 157 nimol). The resulting mixture 
was heated to reflux for 2 h, then cooled to ambient temperature and quenched with 

20 saturated aqueous NaHC03 (200 mL). The mixture was diluted with EtOAc (300 
mL) and washed with saturated NaHCOs (200 mL) and brine (200 mL). The organic 
layer was dried (MgS04) and concentrated in vacuo. Purification by flash 
chromatography (3% EtOAc in hexanes) afforded the Boc-amine. This material was 
dissolved in ethanol (150 mL), and to this solution was added ammonium formate 

25 (1 1.2 g, 177.9 mmol) and formic acid (5 mL), followed by 10% palladium on carbon 
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(1 g). The reaction was heated to reflux for 16 h. then cooled to ambient temperature 
and filtered thru celite. The liquid was concentrated in vacuo, and the residue 
dissolved in EtOAc (1 L). The organic layer was washed with saturated aqueous 
NaHCOs (500 mL), brine (500 mL), dried (MgS04), and concentrated in vacuo, 
5 affording the fluropyridine as a white solid. *H NMR (CDCI3, 500 MHz) 8.20 (s, 
IH), 8.16 (s. IH). 7.93 (s, IH), 7.50 (s, IH), 1.52 (s, 9H). 

StepB 

10 

To a solution of the intermediate prepared in Step A (5.07 g, 23.9 
nunol) in DCM (50 mL) was added TFA (25 mL). After 1.5 h at ambient temperature 
the reaction was concentrated in vacuo, and dissolved in DMF (28 mL). This solution 
was added to a refluxing solution of ethyl glyoxylate (19.5 mL of a 50% solution in 

15 toluene). The resulting mixture was cooled to ambient temperature and stirred for 30 
minutes. To this solution was added sodium triacetoxyborohydride (20.2 g, 95.6 
mmol) and the resulting mixture was stirred for 1 h. The mixture was then diluted 
with EtOAc (300 mL) and quenched with saturated aqueous NaHCOs (200 mL). The 
organic layer was washed with 0.5 M aqueous NaHCOa, brine, dried (MgS04) and 

20 concentrated in vacuo. Purification by flash chromatography (35% EtOAc in 

hexanes) afforded the pyridylglycine as a colorless oil. 'H NMR (CDCI3, 500 MHz) 
7,82 (s, IH). 7.81 (s, IH). 6.55 (d, IH), 4.60 (s. IH), 4.23 (q, 2H), 3.84 (d, 2H), 1.29 
(t, 3H). HPLC-MS (ES) 199.2 (M+1). 

25 Step C 
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The intermediate prepared in Step B (1.71 g, 8.62 mmol) was dissolved 
in HCl (8.6 mL of a 35% aqueous solution), and the resulting mixture was heated to 
80 °C for 1.5 h. The solution was then cooled to ambient temperature and 
concentrated in vacuo. The residue was dissolved in water (5 mL) at 0 '^C, and to this 
5 solution was added NaN02 (650 mg, 9.48 mmol). After 2.5 h at 0 °C the mixture was 
concentrated in vacuo, then dissolved in acetic anhydride (30 mL). The resulting 
mixture was heated to reflux for 45 minutes, then cooled to ambient temperature and 
concentrated in vacuo. Purification by flash chromatography (50% EtOAc in 
hexanes) afforded the sydnone as a yellow solid. NMR (CDCI3, 500 MHz) 8.89 (s, 
10 IH), 8.79 (s, IH). 7.88 (d, IH), 6.80 (s, H). HPLC-MS (ES) 182.1 (M+1). 

StepD 




F 



15 To a solution of the intermediate prepared in Step C (180 mg, 1.00 

mmol) in 1 ,3-dichloroben2ene (2 mL) was added the intermediate prepared in 
Example 101. Step C (940 mg. 2.51 mmol). The mixture was heated to 135 °C for 24 
h, then cooled to ambient temperature and concentrated in vacuo. Purification by 
flash chromatography (35% EtOAc in hexanes) afforded the pyrazole. NMR 

20 (CDCI3, 500 MHz) 8.78 (s, IH), 8.37 (s. IH), 7.90 (s, IH), 7.79 (d, IH), 7.40 (s, IH), 
6.40 (s. IH) 4.63 (s, IH), 3.95 (m, 3H). 3.40 (d, IH). 3.00 (s. IH), 2.79 (s, IH), 2.32 
(dd. IH). 2.17 (t, IH), 1.44 (s, 6H). 

StepE 
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The intermediate from Step D (0.268 g, 0.52 mmol) was dissolved in 
DCM (1 ml) and to this solution was added TFA (0.5 mL)/ After 1 h at ambient 
5 temperature the reaction was quenched by the addition of saturated aqueous NaHCOa 
(5 mL) and diluted with DCM (30 mL). The organic layer was dried (Na2S04) and 
concentrated in vacuo, affording the deprotected piperazine as a colorless oil. To a 
solution of this intermediate (195 mg, 0.47 nunol) in IPA (4 mL) was added the 
epoxide intermediate prepared in Example 1, Step P (370 mg, 0.94 mmol). The 
10 solution was heated to reflux for 16 h, then cooled to ambient temperature and 

concentrated in vacuo. Purification by flash chromatography (EtOAc) afforded the 
coupled product as a white solid. 

StepF (a/?,Y5,25)-W-[(35,45)-3,4-dihydK)-3-hydroxy-2//-l-ben2opyran-4-^^^ 
1 5 y-hydroxy-4-[ 1 -[5-(5-fluoro-3-pyridinyl)- 17/-pyrazol-3-yl]- 1 -methylethyl]-a- 

(phenyImethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-pipera2inepentanamide 

To a solution of the intermediate prepared in Step E (258 mg, 0.320 
mmol) in MeOH (5 mL) was added HCl (5.0 mL of a 1.0 M solution in EtiO, 5.0 

20 mmol). After 6 h at ambient temperature the reaction was quenched by the addition 
of saturated aqueous NaHC03 (20 mL). The mixture was extracted with DCM (50 
mL), and the organic layer was dried (Na2S04) and concentrated in vacuo. 
Purification by flash chromatography (EtOAc) afforded the title compound as a white 
solid- NMR (CD3OD, 500 MHz) 8.90 d, 7= 1.5 Hz, IH), 8.37 (d, /= 2.5 Hz, IH), 

25 8.30 (d, / = 2.5 Hz, IH). 8.07 (dy, 7 = 2.5 Hz, 7 = 9.5 Hz, IH), 7.20 (m, 5H), 7.09 (m. 
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2H), 6.80 (t, 7= 7.5 Hz, IH), 6.72 (d. J = 8.0 Hz, IH), 6.54 (d. J = 3.0 Hz, IH), 5.14 
(d. J = 4.0 Hz, IH). 4.05 (m, 2H), 3.95 (m, IH). 3.77 (m, 3H), 3.20 (m. IH), 2.95 (m, 
4H), 2.82 (m, IH), 2.72 (m. 3H). 2.51 (t, / = 8.5 Hz, IH), 2.15 (t, 7= 8.5 Hz, IH), 
2.38 (d, J = 6.5 Hz, 2H), 2.03 (dt, J = 4.0 Hz. 7 = 1 1.5 Hz, IH), 1.50 (s, 6H), 1.38 (m. 
5 IH). HPLC-MS (ES) 768.4 (M+1). 



EXAMPLE 108 

(a/?,YS,25)-Ar.[(35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-Y-hydroxy-^^ 
10 [l-[l-(3-pyridinyl)-lf/-pyrazolO-yl]-l-methylethyl]-a-(pheTiylmethyl)^^ 
trifl uoroethyl)amino]carbonyl] - 1 -piperazinepentanamide 



Step A 



15 




A solution of 3-aminopyridine (940 mg, 10.0 mmol) in DMF (28 mL). 
was added to a refluxing solution of ethyl glyoxylate (8.17 mL of a 50% solution in 
toluene, 40.0 mmol). The resulting mixture was cooled to ambient temperature and 

20 stirred for 30 minutes. To this solution was added sodium triacetoxyborohydride 
(8.48 g, 40.0 mmol) and the resulting mixture was stirred for 1 h. The mixture was 
then diluted with EtOAc (300 mL) and quenched with saturated aqueous NaHCOs 
(200 mL). The organic layer was washed with 0.5 M aqueous NaHCOa, brine, dried 
(MgS04) and concentrated in vacuo. Purification by flash chromatography (35% 

25 EtOAc in hexanes) afforded the pyridylglycine as a colorless oil. 'H NMR (CDCI3, 
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500 MHz) 7.99 (s, IH), 7.97 (d, IH), 7.06 (dd, IH), 6.80 (d, IH), 4.53 (s, IH), 4.20 
(q, 2H), 3,81 (s, 3H), 1.23 (t, 3H). HPLC-MS (ES) 181.2 (M+1). 

Step B 



5 




The intermediale prepared in Step A (0.390 g, 2.16 mmol) was 
dissolved in HCl (3 mL of a 35% aqueous solution), and the resulting mixture was 
heated to 80 °C for 1.5 h. The solution was then cooled to ambient temperature and 

10 concentrated in vacuo. The residue was dissolved in water (5 mL) at 0 ^C, and to this 
solution was added NaN02 (160 mg, 2.38 nmiol). After 2.5 h at 0 the mixture was 
concentrated in vacuo^ then dissolved in acetic anhydride (8 mL). The resulting 
mixture was heated to reflux for 45 minutes, then cooled to ambient temperature and 
concentrated in vacuo. Purification by flash chromatography (EtOAc) afforded the 

15 sydnone as a yellow solid. NMR (CDCI3, 500 MHz) 9.02 (s, IH). 8.87 (d, IH), 
8.08 (d, IH), 7.60 (dd, IH), 6.80 (s. IH). HPLC-MS (ES) 166.1 (M+1). 

StepC 




20 

To a solution of the intermediate prepared in Step B (126 mg, 0.76 
mmol) in 1,3-dichlorobenzene (2 mL) was added the intermediate prepared in 
Example 101, Step C (720 mg, 1.90 mmol). The mixture was heated to 135 °C for 24 
h, then cooled to ambient temperature and concentrated in vacuo. Purification by 

-446 - 



wo 01/38332 PCT/USOO/32089 



flash chromatography (35% EtOAc in hexanes) afforded the pyrazole. NMR 
(CDCI3, 500 MHz) 8.94 (d, IH), 8.49 (d, IH), 7.96 (d, IH), 7.84 (s, IH), 7.60 (s, IH), 
7.37 (dd, IH), 6.40 (s, IH), 4.63 (s, IH), 3.87 (s, 2H), 3.40 (d, IH), 2.98 (s, IH). 2.80 
(s, IH), 2.34 (dd, IH), 2.16 (t, IH), 1.49 (s, 12H), 1.47 (s. 3H). HPLC-MS (ES) 497.2 
5 (M+1). 

StepD 




F 



10 The intermediate from Step C (0.172 g, 0.35 mmol) was dissolved in 

DCM (1 ml) and to this solution was added TFA (0.5 mL). After 1 h at ambient 
temperature the reaction was quenched by the addition of saturated aqueous NaHCOa 
(5 mL) and diluted with DCM (30 mL). The organic layer was dried (Na2S04) and 
concentrated in vacuo, affording the deprotected piperazine as a colorless oil. This 

15 intermediate was dissolved in IPA (4 mL) and to this solution was added the epoxide 
intermediate prepared in Example 1, Step P (340 mg, 0.86 mmol). The solution was 
heated to reflux for 16 h, then cooled to ambient temperature and concentrated in 
vacuo. Purification by flash chromatography (EtOAc) afforded the coupled product 
as a white solid. 

20 

StepE (a/?,Y5,25)-A^-[(35,4S)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl]- 
Y-hydroxy-4-[l-[5-(3-pyridinyl)-17?-pyrazol-3-yl]-l-methylethyl]-a-(phenyImethyl)-2- 
[[(2,2,2-trifIuoroethyl)amino]carbonyI]-l-piperazinepentanamide 
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To a solution of the intermediate prepared in Step D (128 mg, 0.160 



mmol) in MeOH (5 mL) was added HCI (5.0 mL of a 1.0 M solution in Et20, 5.0 
mmol). After 6 h at ambient temperature the reaction was quenched by the addition 
of saturated aqueous NaHCOs (20 mL). The mixture was extracted with DCM (50 
5 mL), and the organic layer was dried (Na2S04) and concentrated in vacuo. 
Purification by flash chromatography (1% MeOH in EtOAc) afforded the title 
compound as a white solid. *H NMR (CD3OD, 500 MHz) 9.00 (d, J = 2.5 Hz, IH) 
8.44 (dd. 7 = 1.5 Hz, J = 5.0 Hz, IH), 8.25 (d, J = 2.5 Hz, IH), 8.20 (ddd, 7 = 1.5 Hz, 
7 = 2.5 Hz, 7 = 4.0 Hz, IH), 7.5 1 (dd, 7 = 5.0 Hz, 7 = 8.5 Hz, IH), 7.23 (m, 5H), 7.08 

10 (m, 2H), 6.80 (dt, 7 = 1.0 Hz, 7 = 7.0 Hz, IH), 6.71 (d, 7 = 8.0 Hz, IH), 6.52 (d, 7= 
3.0 Hz, IH), 5.14 (d, 7 = 4.5 Hz, IH), 4.08 (m, 2H), 3.97 (m, IH). 3.77 (m, 3H), 3.30 
(d,7 = 6.5 Hz, 1H),3.08 (dd, 1H),3.02 (m, lH),2.94(m, 2H),2.82 (d,7= ll.OHz, 
IH), 2.73 (dd, 7 = 6.5 Hz, 7 = 13 Hz, IH) 2.69 (m, 2H), 2.53 (t, 7 = 8.0 Hz, IH), 2.42 
(t, 7= 8.5 Hz, IH), 2.38 (d, 7 = 6.5 Hz, 2H), 2.03 (t, 7= 13.5 Hz, IH), 1.51 (s, 6H), 

15 1.38 (m, IH). HPLC-MS (ES) 750.4 (M+1). 



EXAMPLE 109 

(a/f,YS,25)-4-[l-(5-phenyl-2-oxazolyl]-l-methylethyl]-A^-[(35,45)-3,4-dihydro-3- 
20 hydroxy-2//-l-benzopyran-4-yl]-a-(furo[2,3-c]pyridin-2-ylmelhyl)-Y-hydn)xy-2- 
[[(2,2,2-trifIuoFoethyl)amino]carbonyl]-l*p]perazinepentanamide 




Step A: 
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To a stirred solution of carboxylic acid from Example 66 Step D 
(332mg; 0.87mmol) in dry NMP (12mL) under nitrogen was added DIEA (0.606mL; 
5 3.48mmol). After cooling the solution to 0 °C, the following solids were added, 
allowing one to dissolve before adding the next: HOBt (265mg; 1.96mmol), o- 
aminoacetophenone hydrochloride (179mg; 1.04mmol), and HBTU (495mg; 
1.31nunol). The reaction was allowed to reach ambient temperature, and the next 
morning the mixture was poured into EtOAc and washed with saturated NaHCOa, 

10 water, brine, 3x dilute NaHCOa, and brine. After drying (MgS04), filtration, and 
removal of solvent in vacuo, the residue was purified by flash column 
chromatography (50% EtOAc/hexane). Residual NMP which remained was removed 
by dissolution in EtOAc followed by washing with water (2x), brine, drying (MgS04), 
filtration, and solvent removal in vacuo as before to provide the desired product; 

15 electrospray ionization mass spectrum: m/e 499.3 (MH+ calcd for C23H30F3N4O5, 

499.2). 
Step B: 




20 
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To the amide obtained in Step A (225mg; 0.45miTiol) was added 
H2SO4 (5mL). Partial dissolution occurred. The reaction vessel was purged with 
nitrogen, P2O5 (192mg; 0.68nimol) was added, and the mixture was stirred at 65 °C 
for 20 minutes. After cooling to 0 °C, ice chips were added and the reaction adjusted 
5 to pH 9 with the addition of 50% NH4OH, then cone. NH4OH. Extraction with 

CHCI3 (3x) was followed by drying (Na2S04), filtration, removal of solvent in vacuo 
and purification by flash column chromatography (93:5:2 EtOAc: MeOH: TEA) to 
provide the desired product. 

10 StepC: 




To a stirred solution of DIPA (1.28mL; 9.74mmol) in dry THF (26mL) 
at 0 ''C was added dropwise n-BuLi (3.54mL; 8.85nraiol). After 15 minutes, the 

15 solution was cooled to -78 and a solution of (5)-(+)-dihydro-5-(r- 

butyldimethylsilylhydroxymethyl)-2(3i/)-furanone (2.04g; 8.85mmol) in dry THF 
(8mL) was added dropwise. After an additional 30 minutes, propargyl bromide 
(1.56mL; 10.6mmol) was added dropwise. After 45 minutes the reaction was 
quenched with 10% citric acid, poured into Et20, and washed with H2O (2x) and 

20 brine, dried (MgS04), filtered, and solvents removed in vacuo. Purification by 
Biotage column chromatography (40M; 8% EtOAc/hexane) provided the desired 
compound. 

StepD: 



25 




To a stirred solution of the intermediate from Step C above (903mg; 
3.46mmol) in dry THF (21mL) was added HF-pyridine complex (1.2mL). The next 
morning, the reaction mixture was cooled to 0 °C and adjusted to pH 10 with 
30 NH4OH/H2O (2:1). Much solvent was removed in vacuo and the residue was poured 
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into EtOAc and washed with saturated NaHCOs, 2x H2O and brine. Drying (MgS04), 
filtration, removal of solvent in vacuo^ and purification by Biotage column 
chromatography (40M; 50% EtOAc/hexane) provided the desired product. 

5 StepE: 




To a stirred solution of intermediate from Step D above (720rag; 
4.67mmol) in dry CH2CI2 (19niL) at 0 ""C was added 2,6-lutidine (816uL; T.Ommol) 

10 followed dropwise by trifluoromethanesulfonic anhydride (1 .02mL; 6.07mmol). 

After 1.75 hours, the reaction mixture was poured into 20mL ice/brine and stirred 30 
minutes. This mixture was poured into CH2CI2 and washed with 2x H2O and 2x 
brine. After drying (MgS04), filtration, and removal of solvent in vacuoy the residue 
was purified by Biotage column chromatography (40M; 20% EtOAc/hexane) to 

15 provide the desired intermediate. iH NMR (500 MHz, CDCI3): 5 2.08 (m, IH), 2.38- 
2.44 (complex m, IH), 2.52-2.59 (complex m, IH). 2.67 (m, 2H), 2.94-2.98 (complex 
m, IH), 4.57 (1/2ABX, J=4.1, 11.2 Hz, IH), 4.71 (1/2ABX, J=3.0, 11.2 Hz, IH), 4.89 
(m, IH). 

20 Step F: 




To a stiixed solution of piperazine (lOOmg; 0.25mmol) from Step B 
above and triflate (72mg; 0.25mmol) from Step E above in dry iPrOH (1.25mL) was 
25 added DIEA (52uL; 0.30mmoi). The next morning, the reaction mixture was poured 
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into EtOAc and washed with saturated NaHCOa, water, brine, water, and brine. 
Drying (MgS04), filtration, and removal of solvent in vacuo was followed by flash 
column chromatography (70% EtOAc/hexane) to provide the desired intermediate. 

5 Step G: 




To a solution of acetylene (95mg; O.lSmmol) from Step F above and 4- 
iodo-3-hydroxypyridine (52mg; 0.23mmol) in dry pyridine (1.3mL) was added CU2O 

10 (33mg; 0.23mmol). After 35 minutes at 120 the mixture was cooled to ambient 
temperature and filtered through celite, washing with EtOAc. The organics were 
washed with aqueous NaaSOA, 2x water, brine, dried (Na2S04), filtered, and the 
solvents removed in vacuo. Purification by flash column chromatography (gradient 
eludon 3% to 5% MeOH/CUzCh) provided the desired intermediate; electrospray 

15 ionization mass spectrum: w/e 626.3 (MH+ calcd for C32H35F3N5O5, 626.3). 

Step H: 
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To a solution of the lactone (95mg; O.lSmniol) obtained from Step G 
above in dry dimethoxyethane (2mL) cooled to 0 °C under nitrogen was added 
aqueous LiOH (172uL; 0.167mmol). The flask was allowed to warm to ambient 
temperature and stirred for 3.5hr. The reaction was azeotroped from MeCN, 
5 MeCN/benzene, and benzene, taking care to keep the water bath below 35 ""C. This 
salt was further dried under vacuum, then dissolved in dry DMF (3mL) and imidazole 
(204mg; 3.0mmol) was added. This solution was cooled to 0 ""C andTBSCl was 
added (226mg; l.Smmol). The flask was allowed to warm to ambient temperature 
and stirred overnight. The next morning the reaction was quenched with pH 7 
10 phosphate buffer and extracted 3x EtOAc. After drying (Na2S04), filtration, and 
removal of solvent in vacuo, the residue was dissolved in 3mL THF/water (2:1). 
After Ihr the mixture was azeotroped from MeCN, benzene, and MeCN to provide 
the carboxylic acid, which was used without further purification; electrospray 
ionization mass spectrum: m/e 758.4 (MH+ calcd for CsgHsiFsNsOeSi, 758.4). 

15 

Step I: 




To a stirred solution of acid (~0.15mmol) from Step H in dry NMP 
20 (2mL) at 0 °C was added DIEA (78uL; 0.45mmol) followed by the following solids, 
allowing one to dissolve before adding the next: HOBt (46mg; 0.34nmiol), amino 
chromanol obtained from Example 1 Step L (30mg; O.lSmmol), and HBTU (85mg; 
0.22mmol). The reaction was allowed to reach ambient temperature and the next 
morning the mixture was poured into EtOAc and washed with saturated NaHCOs, 
25 water, brine, 3x dilute NaHCOs, and brine. After drying (Na2S04), filtration, and 
removal of the solvent in vacuo, the residue was purified by flash chromatography 
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(95% EtOAc/hexane) to provide the desired product; electrospray ionization mass 
spectrum: m/e 905.3 (MH+ calcd for C47H60F3N6O7Si, 905.4). 

Step J: 

5 (a/?j5,25H-[l-[5-phenyl-2-oxazolyl]-l-methylethyl]-A?-[(35,45)-3,4^^^ 

hydroxy-2i/-i-benzopyran-4-yl]-a-(furo[2,3-c]pyridin-2-ylmethyl)-Y-hydroxy-2- 
[[(2,2,2-trifluoroethyI)amino]carbonyl]-l-piperazinepentanamide 

To a solution of the intermediate (63mg; 0.07mmol) from Step I in dry 
10 THF (2mL) was added TBAF (175uL; 0.175mmol). The solution was stirred at 55 °C 
for 2 hours. The reaction mixture was poured into EtOAc and washed with saturated 
NaHCOs, water, and brine. Drying (Na2S04), filtration, and removal of the solvent in 
vacuo followed by purification by MPLC (Lobar column; linear gradient 10% to 90% 
MeCN/H20) provided the titled compound after lyophilization from MeCN/water 
15 (1:1). IH NMR (500 MHz, CD3OD): 5 1.45 (m, IH), 1.58 (s, 3H), 1.59 (s, 3H), 2.09 
(m, IH), 2.35-2.43 (complex m, 3H), 2.48 (m, IH), 2.63 (m, IH), 2.77 (m, IH), 2.87 
(d, J=10.3 Hz, IH), 2.98-3.01 (complex m, 2H), 3.08 (dd, J=3,2, 7.3 Hz, IH), 3.20- 
3.26 (complex m. 2H), 3.75-3,80 (complex m, 2H), 3.88 (m, IH), 3.91-3.98 (complex 
m, IH), 4.02-4.09 (complex m, 2H), 5.22 (d, J=4.1 Hz, IH), 6.72 (s, IH). 6.74 (d, 
20 J=8.2 Hz, IH), 6.80 (apparent t, J=7.5 Hz, IH), 7.08 (apparent t, J=7.7 Hz, IH), 7.14, 
(d, J=7.8 Hz, IH), 7.35 (m, IH). 7.42 (m, 3H), 7.57 (d, J=5.2 Hz. IH), 7.68 (d. J=7.4 
Hz, 2H), 8.25 (d, J=5.5 Hz, IH), 8.68 (s, IH) ; electrospray ionization mass spectrum: 
m/e 191 A (MH+ calcd for C41H46F3N6O7. 791.3). 

25 

EXAMPLE 110 

(a/?,Y5,25)-4-[l-[5-(4-chlorophenyl)-2-oxazolyl]-l-methylethyl]-N-[(35,4S)-3,4- 
dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-a-(furo[2,3-c]pyridin-2-ylmethyl)-Y- 
hydroxy-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide 
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Step A: 




5 

To a stirring solution of hexamethylenetetramine (12.0g; SSJmmol) in 
CH2CI2 (400mL) was added portionwise a-bromo-p-chloroacetophenone (20.0g; 
85.7mmol). After 30 minutes the precipitate was filtered and then suspended in EtOH 
(680mL). Cone. HCI was added (45mL) and the suspension stirred at 90 ''C l.Shrs. 
10 Dissolution occurred followed by solution turning pale yellow and a new precipitate 
formed. This solid was filtered, washed with EtOH, and dried under vacuum to 
provide the desired compound. iH NMR (500 MHz, CD3OD): 6 4.60 (s, 2H), 7.61 (d, 
J=8.7 Hz, 2H), 8.04 (d, J=8.4 Hz, 2H). 

15 StepB: 
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This intermediate was prepared in the same manner as that of Example 
109 Step A, employing carboxylic acid from Example 66 Step D (4.96g; 13mmol) in 
dry NMP (75mL), DIEA (9.06mL; 52mmol), HOBt (3.95g; 293mmol), intermediate 
from Step A above (3.22g; 15.6nmiol), and HBTU (7.4g; 19.5mmol). The residue 
5 resulting after workup was purified by Biotage column chromatography (40M; 45% 
EtOAc/hexane) to provide the desired product. 1h NMR (500 MHz, CDCI3): 5 1.28 
(s. 3H), 1.30 (s, 3H), 2.35 (apparent td, J=3.0, 11.6 Hz, IH), 2.45 (apparent dd, J=3.8. 
11.8 Hz, IH), 2.86 (d, J=10.6 Hz, IH), 3.22-3.33 (broad, IH). 3.67 (d, J=11.7 Hz, 
IH), 3.74-4.30 (broad, 3H), 4.51 (d, J=18.6 Hz, IH), 4.70 (d, J=4.5 Hz, 2H), 4.83 (s, 
10 IH), 4.89 (1/2ABX, J=6.8, 18.7 Hz, IH), 5.30 (d, J=10.3 Hz, IH). 5.36 (d, J=17.1 Hz, 
IH), 5.92-6.02 (br s, IH), 6.60-6.72 (br s, IH), 7.49 (d, J=8.5 Hz, 2H), 7.93 (d, J=8.5 
Hz, 2H), 8.20-8.30 (br s, IH) ; electrospray ionization mass spectrum: m/e 533.3 
(MH+ calcd for C23H29CIF3N4O5, 533.2). 

15 Step C: 




This intermediate was prepared according to the procedure described in 
Example 109 Step B, employing the compound from Step B above (139mg; 

20 0.26mmol), P2O5 (1 lOmg; 0.39mmol), and 2.75mL H2SO4. Flash column 

chromatography (93:5:2 EtOAc: MeOH: TEA) provided the desired compound. iH 
NMR (500 MHz, CDCI3): 5 1.60 (s, 3H), 1.61 (s, 3H), 1.75-1.88 (broad s, IH), 2.56- 
2.60 (complex m, 2H), 2.77-2.81 (m. IH), 2.86-2.98 (complex m, 3H), 3.50-3.52 (m, 
IH), 3.93-4,00 (m, 2H), 7.26 (s, IH), 7.42 (d, J=8.5 Hz, 2H), 7.58 (d, J=8.4 Hz, 2H), 

25 8.10-8.18 (broad s, IH) ; electrospray ionization mass spectrum: m/e 431.3 (MH+ 
calcd for C19H23CIF3N4O2, 431.1). 

Step D: 
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N 




0 



O ^CFg 



CI 



This intermediate was prepared according to the procedure described in 



Example 109 Step F, employing the compound from Step C above (85mg; 0.2mmol), 
5 intermediate from Example 109 Step E (58mg; 0.2mmol), and DIEA (42uL; 

0.24mmol) in dry iPrOH (l.OmL) for 4 hours. Flash column chromatography (70% 
EtOAc/hexane) provided the desired product. iH NMR (500 MHz, CDCI3): 5 1.60 (s, 
3H), 1.61 (s, 3H), 2.04 (m, IH), 2.18-2.24 (complex m, IH), 2.23-2.36 (complex m, 
IH), 2.53-2.66 (complex m, 4H), 2.73 (d, J=8.4 Hz, 2H), 2.82 (s, 2H), 2.87-2.97 
10 (complex m, 3H), 3.29 (m, IH), 3.66-3.72 (complex m, IH), 4. 15-4.22 (complex m, 
IH), 4.69-4.73 (complex m, IH), 7.27 (s, IH), 7.44 (d, J=8.5 Hz, 2H), 7.56 (d, J=8.7 
Hz, 2H), 8.56-8.63 (br s, IH) ; electrospray ionization mass spectrum: m/e 567.3 
(MH+calcd forC27H3lClF3N404, 567.2). 

15 StepE: 




CI 
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This intermediate was prepared according to the procedure described in 
Example 109 Step G, employing the compound from Step D above (85mg; 
O.lSmmol), 4-iodo-3-hydroxypyridine (50mg; 0.23 mmol), and CuzO (32mg; 
5 0.23mmol) in dry pyridine (l.OmL) for 30 minutes. Following workup, flash column 
chromatography (gradient elution 3% to 5% MeOH/DCM) provided the desired 
product. IH NMR (500 MHz, CDCI3): 6 1.59 (s, 3H), 1.60 (s, 3H), 2.17-2.21 
(complex m, 2H), 2.57-2.61 (complex m. 2H), 2.70-2.86 (complex m, 4H), 2.89-2.97 
(complex m. 2H), 3.03 (m, IH), 3.15-3.20 (complex m, IH). 3.27 (m, IH), 3.37 
10 (1/2ABX, J=4.3, 15.3 Hz, IH), 3.63-3.69 (complex m, IH), 4.14-4.20 (complex m, 
IH). 4.59 (m, IH), 6.56 (s, IH), 7.26 (s, IH), 7.43 (d, J=8.5 Hz, 2H), 7.48 (d. J=5.2 
Hz, IH), 7.55 (d, J=8.4 Hz, 2H), 8.42 (d. J=5.1 Hz, IH), 8.65 (br s, IH), 8.81 (s, IH); 
electrospray ionization mass spectrum: m/e 660.3 (MH+ calcd for 
C32H34CIF3N5O5, 660.2). 

15 

Step F: 




This compound was prepared according to the procedure described in 
20 Example 109 Step H, employing the compound from Step E above (53mg; 0.08mmol) 
and aqueous LiOH (86uL; 0.086mmol) in dry dimethoxyethane (1.5niL). Following 
removal of solvents as before, the lithium salt was treated (as in Example 109 Step H) 
with imidazole (109mg; 1.6mmol) and TBSCl (120mg; 0.8mmol) in dry DMF. Upon 
workup, the product was used without further purification. 

25 

Step G: 
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This compound was prepared according to the procedure described in 
Example 109 Step I, employing the compound from Step F above (~0.08mmol) in dry 
5 NMP (L2mL), DIEA (42uL; 0.24mmol), HOBt (24mg; O.lSmmol), amino chromanol 
obtained from Example 1 Step L (16mg; 0.096nmiol), and HBTU (45mg; 0.12mmol). 
Following workup, flash column chromatography (1% MeOH/EA) provided the 
desired product. 

10 StepH: 

(aR,Y5,25)-4-[l-[5-(4-chlorophenyl)-2-oxazolyl]-l-methylethyl]-iV-[(35,45^^ 

dihydro-3-hydroxy-2ff-l-benzopyran-4-yl]-a-(furo[2,3-c]pyridin-2-ylmethyl)-Y- 

hydroxy-2~[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentananiide 

1 5 The tided compound was prepared according to the procedure 

described in Example 109 Step J, employing the intermediate from Step G above 
(28mg; O.OSmmol) andTBAF (75uL; 0.075mmol) in dry THF (l.OmL). Following 
workup, flash column chromatography (5% MeOH/CH2Cl2) provided the desired 
product after lyophilization. iH NMR (500 MHz, CD3OD): 6 1.44 (m, IH), L57 (s, 

20 3H), 1.58 (s, 3H), 2.09 (m, IH), 2.35-2.48 (complex m, 4H), 2.61 (m, IH), 2.75 (m. 
IH), 2.87 (d, J=9.6 Hz, IH), 2,98-3.02 (complex m, 2H), 3.08 (m, IH), 3.20-3.27 
(complex m, 2H), 3,74-3.81 (complex m, 2H), 3.88 (m, IH), 3.91-3.98 (complex m, 
IH), 4.02-4.09 (complex m, 2H). 5.22 (d, J=4.1 Hz, IH), 6.72 (s, IH), 6.74 (d, J=8.0 
Hz, IH), 6.80 (apparent t, J=7.6 Hz, IH), 7.09 (apparent t, J=7.7 Hz, IH), 7.14, (d, 

25 J=7.3 Hz, IH). 7.44 (m, 3H), 7.57 (d, J=5.2 Hz, IH). 7.68 (d. J=8.4 Hz, 2H), 8.25 (d. 
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J=5.5 Hz, IH), 8.68 (s, IH); electrospray ionization mass spectrum: m/e 825.4 (MH+ 
calcd for C41H45CIF3N6O7. 825.3). 



5 EXAMPLE 111 

(a/?,Y5,25H-[l-[5<4-fluorophenyl)-2-oxazo]yl]-l-methylethyl]-A^-[(35,45)-^ 

dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-a-(furo[23-c]pyridin-2-ylmethyl)-Y- 

hydroxy-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide 




10 

Step A: 




NH2 HCI 



This aminoketone was prepared in the same manner as Example 1 10 
15 Step A employing hexamethylenetetramine (12.9g; 92.1mmol) in CH2CI2 (500niL) 
and a-bromo-p-fluoroacetophenone (20.0g; 92.1mmol). After filtration, the solid was 
suspended in EtOH (680mL) and cone. HCI was added (45mL). The new solid was 
filtered, washed with EtOH, and dried under vacuum as before to provide the desired 
compound. iH NMR (500 MHz, CD3OD): 5 4.61 (s, 2H). 7.33 (apparent t, J=8.8 Hz, 
20 2H),8.14(m,2H). 

Step B: 
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F 




This intermediate was prepared in the same manner as that of Example 
109 Step A, employing carboxylic acid from Example 66 Step D (12.85g; 26.6mmol) 
5 in dry NMP (lOOmL), DIEA (18.5mL; 106.4mmol), HOBt (8.09g; 59.9mmol), 
intermediate fhjm Step A above (6.3g; 33.25mmol). and HBTU (15. Ig; 39.9nunol). 
The residue resulting after workup was purified by flash column chromatography 
(gradient elution 45% to 50% to 55% EtOAc/hexane) to provide the desired product. 
iH NMR (500 MHz, CDCI3): 5 1.26 (s, 3H), 1.29 (s, 3H), 2.34 (apparent td, J=3.2, 

10 11.7 Hz, IH), 2.44 (dd, J=3.9, 11.7 Hz, IH), 2.85 (d, J=10.9 Hz, IH), 3.22-3.32 

(broad, IH), 3.66 (d, J=11.9 Hz. IH), 3.75-4.27 (broad, 3H), 4.50 (apparent dd, J=3.7. 
18.8 Hz, IH), 4.68 (d, J=5.0Hz, 2H), 4.82 (s, IH), 4.88 (1/2ABX, J=6.8, 18.7 Hz, 
IH), 5.28 (d. J=10.5 Hz, IH). 5.34 (d, J=16.9 Hz, IH). 5.90-6.00 (br s, IH), 6.62-6.72 
(br s, IH). 7.17 (apparent t. J=8.6 Hz, 2H). 8.00 (m. 2H). 8.15-8.25 (br s. IH); 

15 electrospray ionization mass spectrum: m/e 517.3 (MH+ calcd for C23H29F4N4O5, 
517.2). 

Step C: 
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This intermediate was prepared according to the procedure described in 
Example 109 Step B, employing the compound from Step B above (7.86g; 
15.2mmoI), P2O5 (6.47g; 22.8mmol), and 85mL H2SO4. Flash column 
chromatography (93:5:2 EtOAc: MeOH: TEA) provided the desired compound. 1h 
5 NMR (500 MHz, CDCI3): 5 1.58 (s, 3H), 1.60 (s, 3H), 1.80-1.88 (brs, IH), 2.55-2.61 
(complex m, 2H), 2.76-2.79 (m, IH), 2.86-2.95 (complex m, 3H), 3.49 (m, IH), 3.94 
(m, 2H), 7. 13 (apparent t, J=8.6 Hz, 2H), 7.19 (s, IH), 7.60 (m, 2H), 8.12-8.18 (br s, 
IH) ; electrospray ionization mass spectrum: m/e 415.3 (MH+ calcd for 
C19H23F4N4O2, 415.2). 

10 

Step D: 




F 



This intermediate was prepared according to the procedure described in 
15 Example 109 Step F, employing the compound from Step C above (139mg; 

0.34mmol), intermediate from Example 109 Step E (96mg; 0.34mmol), and DIEA 
(71uL; 0.41mmol) in dry iPrOH (1.7mL) overnight. Flash column chromatography 
(70% EtOAc/hexane) provided the desired product . iH NMR (500 MHz, CDCI3): 8 
1.58 (s, 3H), 1.59 (s, 3H), 2.02 (m, IH), 2.17-2.22 (complex m, IH). 2.28-2.34 
20 (complex m, IH), 2.51-2.64 (complex m, 4H), 2.69-2.73 (m, 2H), 2.81 (m, 2H), 2.85- 
2.95 (complex m, 3H), 3.279 (m, IH), 3.63-3.69 (complex m. IH), 4.15-4.20 
(complex m, IH), 4.67-4.72 (m, IH), 7.15 (apparent t, J=8.7 Hz, 2H), 7.20 (s, IH), 
7.60 (m, 2H), 8.58-8.65 (br s, IH). 

25 Step E: 
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F 



This intermediate was prepared according to the procedure described in 
Example 109 Step G, employing the compound from Step D above (150mg; 
5 0.27mmol), 4-iodo-3-hydroxypyridine (90mg; 0.41mmol), and CU2O (59mg; 

0.41mmol) in dry pyridine (2.0mL) for 30 minutes. Following workup, flash column 
chromatography (3% MeOH/CHzCh) provided the desired product. iH NMR (500 
MHz. CDCI3): 5 1.58 (s. 3H). 1.59 (s. 3H), 2.14-2.22 (complex m. 2H). 2.55-2.60 
(complex m, 2H), 2.68-2.96 (complex m, 6H), 3.02 (m, IH), 3.145-3.20 (complex m, 
10 IH), 3.26 (m. IH). 3.367 (1/2ABX. J=4.5. 15.3 Hz, IH). 3.60-3.66 (complex m, IH), 
4.12-4.19 (complex m, IH), 4.59 (m, IH), 6.54 (s. IH), 7.14 (apparent t, J=8.6 Hz, 
2H), 7.20 (s, IH), 7.48 (br s. IH), 7.58 (m. 2H). 8.38-8.46 (broad s, IH), 8.63-8.72 (br 
s, IH), 8.76-8.90 (br s, IH) ; electrospray ionization mass spectrum: m/e 644.2 (MH+ 
calcd for C32H34F4N5O5, 644.2). 

15 

StepF: 
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This compound was prepared according to the procedure described in 
Example 109 Step H, employing the compound from Step E above (68mg; 
0.106mmol) and aqueous LiOH (114uL; O.llmmol) in dry dimethoxyethane (2mL). 
5 Following removal of solvents as before, the lithium salt was treated (as in Example 
109 Step H) with imidazole (144mg; 2.12mmoI) andTBSCl (160mg; 1.06mmol) in 
dry DMF(2mL). Upon workup and subsequent hydrolysis in THF/H2O (1.5mL; 2:1), 
the product was used without further purification; electrospray ionization mass 
spectrum: m/e 776.2 (MH+ calcd for C38H5oF4N506Si, 776.3). 

10 

Step G: 




This compound was prepared according to the procedure described in 
15 Example 109 Step I, employing the compound from Step F above (-0. 106nmiol) in 
dry NMP (L5mL), DIEA (55uL; 0.32mmol), HOBt (32mg; 0.24mmol), amino 
chromanol obtained from Example 1 Step L (21mg; 0.13mmol), and HBTU (60mg; 
0.16mmol). Following workup, flash column chromatography (100% EA) provided 
the desired product. iH NMR (500 MHz, CDCI3): 6 -0.01 (s, 3H). 0.04 (s, 3H), 0.84 
20 (s, 9H), 1.50 (m, IH), 1 .56 (s, 3H), 1.58 (s, 3H), 1.60- L68 (br s, IH), 2.27-2.33 

(complex m, 2H), 2.57-2.66 (complex m, 4H), 2.75-2.90 (complex m. 4H). 3.00 (m, 
IH), 3.04-3.12 (complex m, IH), 3.18-3.23 (complex m, 2H), 3.66 (m, IH), 3.86-3.90 
(br s, IH), 3.96 (m, 2H), 4.06-4.14 (complex m, 2H), 5.26 (m, IH), 6.29 (d. J=8.4 Hz, 
IH), 6.53 (s, IH), 6.82 (d. J=8.0 Hz, IH), 6.89 (apparent t. J=7.4 Hz, IH), 7.12-7.20 
25 (complex, 4H), 7.44 (d, J=5.1 Hz, IH), 7.59 (m, 2H), 8.37 (d, J=5.3 Hz, IH), 8.43- 

8.50 (br s, IH), 8.75 (s, IH) ; electrospray ionization mass spectrum: m/e 923.5 (MH+ 
calcd for C47H59F4N607Si, 923.4). 
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Step H: 

(aR,Y5,25)-4-[I-[5-(4-fluorophenyl)-2-oxazolyl]-l-methylethyl]-N-[(35,45)-3,4- 
dihydro-3-hydroxy-2H-l-benzopyran-4-yl]-a-(furo[2,3-c]pyridin-2-ylmethyl)-Y- 
5 hydroxy-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide 



described in Example 109 Step J, employing the intermediate from Step G above 
(59mg; 0.064mmol) and TBAF (160uL; 0.16mmol) in dry THF (2.0mL). Following 

10 woricup, purification by MPLC (Lobar column; linear gradient 10% to 90% 

MeCN/H20) provided the titled compound after lyophilization. iH NMR (500 MHz, 
CD3OD): 8 1.45 (m. IH). 1.57 (s, 3H), 1.58 (s, 3H). 2.09 (m, IH), 2.35-2.43 
(complex m, 3H), 2.47 (m, IH), 2.62 (m, IH), 2.76 (m. IH), 2.87 (d, J=9.8 Hz, IH). 
2.98-3.02 (complex m, 2H), 3.08 (dd, J=3.2, 7.3 Hz. IH), 3.20-3.27 (complex m, 2H), 

15 3.76-3.81 (complex m, 2H). 3.88 (m, IH), 3.93-4.02 (complex m, IH), 4.03-4.09 
(complex m. 2H). 5.22 (d. J=4.2 Hz, IH), 6.72 (s, IH), 6.74 (d. J=8.3 Hz, IH), 6.80 
(apparent t, J=7.9 Hz, IH), 7.09 (apparent t, J=8.5 Hz, IH), 7.14, (d, J=7.8 Hz. IH), 
7.18 (apparent t, J=8.8 Hz, 2H). 7.39 (s. IH), 7.57 (d, J=5.2 Hz. IH). 7.71 (m, 2H), 
8.25 (d, J=5.2 Hz, IH), 8.68 (s, IH) ; electrospray ionization mass spectrum: m/e 

20 809.3 (MH+ calcd for C41H45F4N6O7, 809.3). 



EXAMPLE 112 

(ocR,y5,25)-4-[ 1 -[5-(4-chlorophenyl)-2-oxazolyl]- 1 -methylethyl]-Ar-[(35,4S)-3,4- 
25 di hydro-3 -hydroxy-2//- 1 -benzopyran-4-yl]-a-(f uro[2,3-c]pyridin-3-ylmethyl)-Y- 
hydroxy-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentananiide 



The titled compound was prepared according to the procedure 
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Step A: 




CI 

This intermediate was prepared according to the procedure of Example 
5 109 Step G, employing the acetylene from Example 1 10 Step D (490mg; 0.86mmol), 
3,5-diiodo-4-hydroxypyridine (330mg; 0.95mmol) in dry pyridine (5.75mL) and CU2O 
(160mg; 1.12mmoI). After workup, purification by flash column chromatography 
(gradient elution 75% EtOAc/hexane to 100% EA to 5% MeOH/EtOAc) provided the 
desired compound. iH NMR (500 MHz, CDCI3): 5 1.58 (s, 3H), 1.60 (s, 3H), 2.19- 

10 2.28 (complex m, 2H), 2,57-2.62 (complex m, 2H), 2.70-2.79 (complex m, 3H), 2.84- 
3.04 (complex m, 4H), 3.18-3.21 (complex m, IH), 3.28 (m, IH), 3.39 (i/2ABX, 
J=4.4. 15.4 Hz, IH), 3.65-3.72 (complex m, IH), 4.10-4.20 (complex m, IH), 4.64 
(m, IH), 6.68 (s, IH), 7,25 (s, IH), 7.41 (d, J=8.5 Hz, 2H), 7.54 (d, J=8.5 Hz, 2H), 
8.71 (m, 3H) ; electrospray ionization mass spectrum: m/e 786.0 (MH+ calcd for 

15 C32H33CIF3IN5O5, 786.1). 

Step B: 
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CI 



A stirred solution of the iodide obtained in Step A above (183mg; 
0.23mmol) in dry toluene (l,5mL) was degassed approximately 10 minutes, after 
5 which hexamethylditin (49ul; 0.26nmiol) was added followed by PPhs (2mg; 
0.007mmol) and Pd(PPh3)4 (13mg; 0.01 Immol). After 1.25 hours at reflux, the 
reaction mixture was filtered tHrough Celite, washing with EtOAc. The organics were 
washed with saturated NaHCOs, water, and brine. Drying (Na2S04), filtration, 
removal of solvent in vacuo and purification by flash column chromatography (4% 
10 MeOH/CH2Cl2) provided the desired compound, which was used without further 
purification. 

Step C: 




CI 

15 
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To a Stirring solution of stannane from Step B above (104mg; 
0.13mnnol) in dry MeOH (2mL) was added an anhydrous ethereal solution of HCl 
(38uL; 0.38mmol). After 45 minutes the reaction mixture was diluted with EtOAc 
and washed with saturated NaHC03, water and brine. Drying (Na2S04), filtration, 
5 removal of solvent in vacuo and purification by flash column chromatography (4% 
MeOH/CHzClz) provided the desired compound. iR NMR (500 MHz, CDCI3): 5 1.58 
(s, 3H), 1.59 (s, 3H). 2.15-2.19 (complex m, 2H). 2.55-2.61 (complex m, 2H). 2.68- 
2.84 (complex m, 4H), 2.88-3.02 (complex m, 3H), 3.14 (m, IH), 3.26 (m, IH), 3.34 
(1/2ABX, J=4.5, 15.3 Hz, IH), 3.62-3.68 (complex m. IH), 4.13-4.19 (complex m, 
10 IH), 4.58 (m, IH), 6.58 (s, IH), 7.25 (s. IH), 7.38 (d, J=5.0 Hz, IH), 7.42 (d, J=8.5 
Hz. 2H), 7.54 (d, J=8.5 Hz. 2H), 8.45 (br s, IH), 8.63 (br s, IH), 8.86 (br s. IH); 
electrospray ionization mass spectrum: m/e 660.2 (MH+ calcd for 
C32H34CIF3N5O5, 660.2), 

15 StepD: 




This compound was prepared according to the procedure described in 
Example 109 Step H, employing the compound from Step C above (58mg; 

20 O.OSSmmol) and aqueous LiOH (lOOuL; 0.097mmol) in dry dimethoxyethane 

(1.5mL). Following removal of solvents as before, the lithium salt was treated (as in 
Example 109 Step H) with imidazole (120mg; 1.76mmol) andTBSCl (133mg; 
0.88mmol) in dry DMF(1.5mL). Upon workup, the product was purified by flash 
column chromatography (gradient elution 5% to 10% MeOH/CHaCh); electrospray 

25 ionization mass spectrum: m/e 792.1 (MH+ calcd for C38H5oClF3N506Si, 792.3). 

Step E: 
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This compound was prepared according to the procedure described in 
Example 109 Step I, employing the compound from Step D above (-0.088mmol) in 
5 dry NMP (1.3mL), DIEA (46uL; 0.26mmol). HOBt (27mg; 0.20mmol), amino 

chromanol obtained from Example 1 Step L (I8mg; O,llmmol), and HBTU (50mg; 
0.13mmol). Following workup, flash column chromatography (1.5% MeOH/EA) 
provided the desired product. Residual NMP which remained was removed by 
dissolution in EtOAc followed by washing with water (2x), brine, drying (MgS04), 
10 filtration, and solvent removal in vacuo as before to provide the desired product which 
was used without further purification; electrospray ionization mass spectrum: m/e 
939 A (MH+ calcd for C47H59ClF3N607Si, 939.4). 

Step F: 

.15 (a/?,Y5,2S)-441-[5-(4-chlorophenyl)-2-oxa2olyl]-l-methylethyl]-A^-K 

dihydro-3-hydroxy-2i7-l-benzopyran-4-yl]-a-(furo[2,3-c]pyridin-3-ylmethyI)-Y- 
hydroxy-2-[[(2,2,2-trifIuoroethyl)aniino]carbonyl]- 1 -piperazinepentanamide 

This compound was prepared according to the procedure described in 
20 Example 109 Step J, employing the intermediate from Step E above (47mg; 

0.05mmol) and TBAF (125uL; 0.125mmol) in dry THF (l.OmL). Following workup, 
purification by MPLC (Lobar column; linear gradient 10% to 90% MeCN/H20) 
provided the titled compound after lyophilization. iH NMR (500 MHz, CD3OD): 6 
1.44 (m, IH), 1.57 (s, 3H), 1.58 (s, 3H), 2.08 (m, IH), 2.35-2.49 (complex m, 4H), 
25 2.62 (m, IH), 2.75 (m, IH), 2.87 (d, 1=9.9 Hz, IH), 2.95-3.02 (complex m, 2H), 3.08 
(dd, J=3.0, 7.3 Hz, IH). 3.17-3.25 (complex m, 2H), 3.74-3.81 (complex m, 2H), 3.88 
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(m, IH), 3.93-4.09 (complex m, 3H), 5.22 (d, J=4.1 Hz. IH), 6.74 (m, 2H), 6,80 
(apparent t, J=7.5 Hz. IH), 7.09 (apparent t. J=7.7 Hz. IH), 7.14, (d, J=7.8 Hz, IH). 
7.45 (m, 3H), 7.50 (d, J=5.7 Hz, IH), 7.68 (d, J=8.5 Hz, 2H), 8.32 (d, J=5.7 Hz, IH), 
8.74 (s, IH) ; electrospray ionization mass spectrum: m/e 825.1 (MH+ calcd for 
5 C41H45CIF3N6O7. 825.3). 



EXAMPLE 113 

(a/?,Y5,2S)-4-(l-[5-(4-fluorophenyl)-2-oxazoIyl]-l-methylethyI]-iV-[(35,4S)-3,4- 
10 dihydro-3-hydroxy-2//- 1 -benzopyran-4-yl]-a-(f uro[2,3-c]pyridin-3-ylmethyl)-Y- 
hydroxy-2-[[(2,2,2-trifIuoroethyl)aniino]carbony]]-l-piperazinepentananude 




Step A: 




15 



F 
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This intermediate was prepared according to the procedure of Example 
109 Step G, employing the acetylene from Example 110 Step D (225mg; 0.41mmol), 
3,5-diiodo-4-hydroxypyridine (156mg; 0.45mmol) in dry pyridine (2.75mL) and CujQ 
(76mg; 0.53mmol). After workup, purification by flash column chromatography 
5 (gradient elation 75% EtOAc/hexane to 100% EA to 5% MeOH/EtOAc) provided the 
desired compound. iH NMR (500 MHz, CDCI3): 6 1.58 (s, 3H), 1.60 (s. 3H), 2.19- 
2.28 (complex m, 2H), 2.56-2.62 (complex m, 2H), 2.72-2.79 (complex m, 3H), 2.84- 
2.92 (complex m, 2H), 2.95-3.04 (complex m, 2H), 3.18-3.21 (complex m, IK), 3.28 
(m. IH), 3.39 (1/2ABX, J=4.5, 15.4 Hz, IH), 3.62-3.68 (complex m, IH), 4.12-4.19 
10 (complex m, IH), 4.64 (m, IH), 6.68 (s, IH), 7.14 (apparent t, J=8.6 Hz, 2H), 7.20 (s, 
IH), 7.59 (m, 2H), 8.72 (m, 3H) ; electrospray ionization mass spectrum: m/e 770.1 
(MH+ calcd for C32H33F4IN5O5, 770.1). 

Step B: 




15 F 

The stannane was prepared according to the procedure set forth in 
Example 1 12 Step B, employing the iodide obtained in Step A above (270mg; 
0.35mmol) in dry toluene (2.3niL), hexamethylditin (75ul; 0.39mmol), PPhs (3mg; 

20 0.01 Immol), and Pd(PPh3)4 (20mg; 0.018mmol) for 2.5 hours. After workup, 
purification by flash column chromatography (4% MeOH/CH2Cl2) provided the 
desired compound. iH NMR (500 MHz, CDCI3): 6 0.44 (s, 9H), 1.57 (s. 3H), 1.59 (s, 
3H), 2.12-2.20 (complex m, 2H). 2.53-2.59 (complex m, 2H), 2.67-2.84 (complex m, 
4H), 2.87-2.94 (complex m, 2H), 3.01 (1/2ABX, J=8.9, 15.1 Hz, IH), 3.08-3.14 

25 (complex m. IH), 3.25 (m, IH), 3.33 (1/2ABX, J=4.3, 15.3 Hz. IH), 3.60-3.66 
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(complex m, IH), 4.10-4.19 (complex m. IH), 4.55 (m, IH). 6.54 (s, IH). 7.14 
(apparent t, J=8.6 Hz, 2H), 7.20 (s, IH), 7.59 (m, 2H), 8.41 (s, IH) 8.65 (br s, IH), 
8.80 (s, IH). 



Example 112 Step C, employing stannane from Step B above (200mg; 0.25nunol) and 
10 ethereal HCl (750uL; 0.75mmol) in dry MeOH (4mL). Following workup, 
purification by flash column chromatography (gradient elution 4% to 5% 
MeOH/CHaCh) provided the desired compound. iH NMR (500 MHz, CDCI3): 5 1.58 
(s, 3H), 1.59 (s, 3H), 2.15-2.19 (complex m, 2H), 2.55-2.60 (complex m, 2H), 2.68- 

2.85 (complex m, 4H), 2.87-3.02 (complex m, 3H), 3.12-3.17 (complex m, IH), 3.26 
15 (m, IH), 3.34 (1/2ABX, J=4.6, 15.4 Hz, IH). 3.58-3.68 (complex m. IH), 4.12-4.19 

(complex m, IH), 4.57 (m, IH), 6.57 (s, IH). 7.15 (apparent t, J=8.7 Hz, 2H), 7.20 (s, 
IH). 7.38 (d. J=5.7 Hz. IH), 7.59 (m, 2H), 8.48 (d, J=5.3 Hz, IH), 8.66 (br s, IH), 

8.86 (s, IH) ; electrospray ionization mass spectrum: m/e (MH+ calcd for 
C32H34F4N5O5, 644.2). 

20 

Step D: 



5 Step C: 




This intermediate was prepared according to the procedure described in 
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This compound was prepared according to the procedure described in 
Example 109 Step H, employing the compound from Step C above (130mg; 
5 0.20mmol) and aqueous UOH (220uL; 0.21mmol) in dry dimethoxyethane (2mL). 
Following removal of solvents as before, the lithium salt was treated (as in Example 
109 Step H) with imidazole (272mg; 4.0nmiol) and TBSCl (301mg; Z.Ommol) in dry 
DMF (2mL). Upon workup and hydrolysis in THF/H20 (6niL; 2:1), the product was 
purified by flash column chromatography (gradient elution 7% to 9% MeOH/CH2Cl2); 
10 m/e 776.3 (MH+ calcd for C38H50F4N5O6Si, 776.3). 

Step E: 




15 This compound was prepared according to the procedure described in 

Example 109 Step I, employing the compound from Step D above (-O.ZOmmol) in dry 
NMP (l.OmL), DIEA (104uL; 0.60mmol), HOBt (6lmg; 0.45mmol), amino 
chromanol obtained from Example 1 Step L (40mg; 0.24nmiol), and HBTU (114mg; 
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0.30mmol). Following workup, flash column chromatography (gradient elution 1% to 
2% MeOH/EA) provided the desired product. 

Step F: 

5 (a«,Y5,25)-441.[5.(4-fluoropheny])-2.oxazolyl]-l-methylethyl]-A^-[(35,^^^^ 
dihydro-3-hydroxy-2H-l-benzopyran-4-yl]-a~(furo[2,3-c]pyridin-3-ylmethyl)-Y- 
hydroxy-2-[[(2,2,2-trifluoroethyl)amino]carbonyI]-l-piperazinepentanamide 

The titled compound was prepared according to the procedure 
10 described in Example 109 Step J, employing the intermediate from Step E above 

(170mg; O.lSmmol) and TBAF (405uL; 0.405mmol) in dry THF (3.0mL). Following 
workup, purification by flash column chromatography (gradient elution 5% to 6% 
MeOH/CH2Cl2) provided the titled compound after lyophilization. iH NMR (500 
MHz, CD3OD): 6 1.45 (m, IH), 1.57 (s, 3H), 1.58 (s, 3H), 2.09 (m, IH), 2.35-2.49 
15 (complex m, 4H), 2.62 (m, IH), 2,76 (m, IH), 2.87 (d, J=l 1.2 Hz, IH), 2.95-3.01 
(complex m, 2H), 3.08 (m, IH), 3.17-3.24 (complex m, 2H), 3.74-3.81 (complex m, 
2H), 3.89 (m, IH), 3.93-4.00 (complex m. IH), 4.02-4.10 (complex m, 2H), 5.22 (d, 
J=4.2 Hz, IH), 6.74 (m. 2H). 6.80 (apparent t, J=7.6 Hz, IH), 7.09 (apparent t. J=7.7 
Hz. IH), 7.17, (m, 3H), 7.39 (s, IH), 7.50 (d, J=5.7 Hz, IH), 7.71 (m. 2H), 8.32 (d, 
20 J=5.9 Hz, IH), 8.74 (s, IH); electrospray ionization mass spectrum: m/e 809.2 (MH+ 
calcd for C41H45F4N6O7, 809.3). 



EXAMPLE 114 

25 (a/?,Y5,25)-A^-[(35,4S)-3,4-dihydro-3-hydroxy-2f/-l-benzopyran-4-yl]-4-[l-[5-(4- 

fluorophenyl)-2-oxazoIyl]-l-methylethyl]-a-(furo[2,3-d]pyrimidin-6-ylmethyl)-Y- 
hydroxy-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide 
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Step A: 




F 

5 

To a stirred solution of the acetylene from Example 1 1 1 Step D 
(411mg; 0.75mmol) and 5-iodo-pyrimidin-4-ol (199mg; 0.89mmol) in anhydrous 
DMF (7mL) under nitrogen was added Cl2Pd(PPh3)2 (5 mol %; 26 mg), Cul (10 mol 
%; 14 mg) and TEA (0.260mL; 1,5 mmol). The reaction was heated to 50 °-60 ^'C for 

10 3 hours. After cooling. EtOAc and water were added followed by filtration through 
celite. The organic layer was washed with water, NaHCOa solution and brine. Drying 
(MgS04), filtration, concentration of the solvent in vacuo and purification by flash 
column chromatography (5% MeOH/DCM) provided the desired product. iH NMR 
(500 MHz, CDCI3): 5 1.58 (s, 3H), 1.60 (s, 3H), 2. 19-2.28 (complex m, 2H), 2.56- 

15 2.62 (complex m, 2H), 2.71-2.78 (complex m, 3H), 2.84-3.04 (complex m, 4H), 3.16- 
3.23 (complex m, IH), 3.28 (m, IH), 3.39 (1/2ABX, J=4.6, 15.3 Hz, IH), 3.62-3.71 
(complex m, IH), 4.11-4.21 (complex m, IH), 4.65 (m, IH), 6.61 (s, IH), 7.15 
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(apparent t, J=8.6 Hz, 2H). 7.21 (s, IH), 7.60 (m, 2H), 8.57 (broad s, IH); 8.95 (s, 
IH); 8.96 (s, IH); electrospray ionization mass spectrum: m/e 645.2 (MH+ calcd for 
C31H33F4N6O5, 645.2). 

5 Step B: 




This compound was prepared according to the procedure described in 
' Example 109 Step H, employing the compound from Step A above (226mg; 
10 035mmol) and aqueous LiOH (397uL; O.385mmol) in dimethoxyethane (4mL). 
Following removal of solvents as before, the lithium salt was treated (as in Example 
109 Step H) with imidazole (476mg; 7.0mmol) and TBSCl (527mg; 3.5mmol) in dry 
DMF (4mL). Upon workup and hydrolysis in THF/H2O (2:1), the product was 
purified by flash column chromatography (gradient elution 5% to 10% 
15 MeOH/CH2Cl2) to provide the desired carboxylic acid: electrospray ionization mass 
spectrum: m/e 111 A (MH+ calcd for C37H49F4N606Si, 777.3). 

StepC: 
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This compound was prepared according to the procedure described in 
Example 109 Step I, employing the compound from Step B above (0.23mmol) in dry 
NMP (3.0mL), DDEA (1 18uL; OJOmmoI), HOBt (71mg; 0.52mmol), amino 
5 chromanol obtained from Example 1 Step L (54mg; 0.32mmol), and HBTU (133mg; 
O.35mmol). Following workup, flash column chromatography (5% MeOH/DCM) 
provided the desired product, electrospray ionization mass spectrum: m/e 924.5 (MH+ 
calcd for C37H49F4N606Si, 924,4). 

10 Step D: 

(oc«,Y5.2S)-A^-[(35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-y 

fluorophenyl)-2-oxazolyl]-l-methylethyl]-a-(furo[23-rf]pyriinidin-6-ylmethyl)^^ 

hydroxy-2-[[(2,2,2-trifludroethyl)aniino]carbonyl]-l-pipera2inepentanamide 

15 The titled compound was prepared according to the procedure 

described in Example 109 Step J, employing the intermediate from Step C above 
(170mg; O.lSmmol) and TBAF (405uL; 0.405mmol) in dry THF (3.0mL). Following 
workup, purification by flash column chromatography (5% MeOH/CH2Cl2) provided 
the titled compound after lyophilization. iH NMR (500 MHz, CD3OD): 5 1.45 (m, 

20 IH), 1.58 (s. 3H), 1.59 (s. 3H), 2.10 (m, IH). 2.35-2.44 (complex m, 3H), 2.47 (m, 
IH), 2.62 (m. IH), 2.78 (m, IH). 2.87 (d. J=9.8 Hz, IH), 2.95-3.02 (complex m, 2H). 
3.07 (dd, J= 3.2, 7.3 Hz, IH). 3.18-3.29 (complex m, 2H), 3.75-3.82 (complex m, 
2H). 3.92 (m, IH), 3.93-4.09 (complex m, 3H). 5.22 (d, J=4.4 Hz. IH). 6.74 (d, J=8.3 
Hz, 2H), 6.78 (s. IH), 6.81 (apparent i. J=7.6 Hz, IH), 7.09 (apparent t, J=7.7 Hz, 

25 IH). 7. 14-7.20, (complex m, 3H), 7.32 (s, IH), 7.39 (s, IH), 7.72 (m, 2H), 8,80 (s, 
IH), 8.92 (s, IH) ; electrospray ionization mass spectrum: m/e 810.3 (MH+ calcd for 
C40H44F4N7O7, 810.3). 

30 EXAMPLE 115 

Preparation of Enzymes 

Synthetic oligonucleotide cassettes of 444 base pairs were designed 
according to the wild-type sequence of pET-3b-HIVPR. Point mutations were 
incorporated into the DNA with a bias toward optimal codon usage in E. Coli to yield 
35 amino acid mutations listed in Table 2 below. The oligonucleotides were annealed 
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and ligated into pUC-18 or pUC-I9 by Midland Certified Reagent Company. The 
primary sequence was verified before subcloning into a pET-3b expression vector via 
Nde I and Bpull02 1 sites and reconfirmed by automated double-stranded DNA 
sequencing. Clones carrying the mutant DNA were transformed and expressed as 
5 previously described in Schock et al., J, Biol. Chem. 1996, 271: 31957-31963 and 
Chen et al.. /. Biol Chem. 1995, 270: 21433-21436. The cells were lysed in 50 mM 
Tris-HCl pH 8.0, 1 mM EDTA, 0.1% NP40, 10 mM MgCb , and lOOjig / mL DNase I 
using a microfluidizer processor ( Microfluidics International Corp., Newton, MA). 
The mutant protease was extracted, refolded, and purified over affinity columns as 
10 previously described in Schock et al., J. Bid Chem. 1991, 271: 31957-31963. Protein 
concentrations were determined by amino acid analysis and purity was confirmed by 
SDS gel electrophoresis. 



15 EXAMPLE 116 

Assav for Inhibition of Microbial Expressed HIV Protease 

Inhibition studies of the reaction of the protease (which was expressed 
in Eschericia coli) with a peptide substrate [Val-Ser-Gln-Asn-(betanapthyl)Ala-Pro- 
Ee-Val, 0.5 mg/mL at the time the reaction is initiated] were in 50 mM Na acetate, pH 

20 5.5, 0,1% bovine serum albumin, 3.75% DMSO at 30°C for 1 hour. Various 
concentrations of inhibitor in 2 niL DMSO were added to 50 of the peptide 
solution in buffer. The reaction is initiated by the addition of 28 fiL of 14.3 picomolar 
(wild type, K-60, Q-60) and 28.6 pM (V<18) protease in a solution of 50mM Na 
acetate pH 5.5 and 0.1% bovine serum albumin. The reaction was quenched with 120 

25 fiL of 10% phosphoric acid. Products of the reaction were separated by HPLC 

(VYDAC wide pore 5 cm C-18 reverse phase, acetonitrile gradient, 0.1% phosphoric 
acid). The extent of inhibition of the reaction was determined from the peak heights 
of the products. HPLC of the products, independently synthesized, proved 
quantitation standards and confirmation of the product composition. The compounds 

30 of the invention prepared in Examples 1-1 14 exhibited IC50 values ranging from 
about 0.05 to about 1 nM against the wild-type enzyme. The indinavir ICso value 

against the wild type enzyme is 0.6 nM (average). The compounds of the invention 
prepared in Examples 1-1 14 exhibited IC50 values in the range of about 0.02 to about 
5 nM against the mutant enzymes Q-60, K-60, and V-18. These IC50 values range 
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from about 4-fold to greater than about 100-fold more potent than the values of of 20 
to 50 dM obtained for indinavir against these same mutant enzymes. 

5 EXAMPLE 117 

Preparation of Viral Constructs 

Mutant viruses were constructed using gapped-duplex oligonucleotide 
mutagenesis of a subclone of plasmid pWT-6 as described in Colonno et al., Proc, 
Nan Acad, ScL 1988, 85: 5449-5453. Infectious mutant proviral clones were 

10 constructed by subcloning the 833-b.p. Apal-Sse8387 1 fragment containing the 
mutagenized protease gene into the corresponding sites of plasmid pNL4-3 (see 7. 
ViroL 1986, 59: 284-291). After transfection of the mutant proviral clone into HeLa 
cells and growth of viral stocks in cocultivated H9 human T-lymphoid cells, the 
complete sequence of the viral protease gene from the mutant viral population was 

15 verified as described in Nature 1995, 374: 569-571. The amino acid changes from 
wild type sequence for three of these viral constructs are shown in Table 2. 
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EXAMPLE 118 

Cell Spread Assay 

5 Inhibition of the spread of HIV in cell culture was measured according 

to Nunberg et al., J, Virol, 1991, 65: 4887, In this assay, MT-4 T-lymphoid cells were 
infected with HFV-l (wild-type, unless otherwise indicated) by using a predetermined 
inoculum, and cultures were incubated for 24 h. At this time, <1% of the cells were 
positive by indirect immunofluorescence. Cells were then extensively washed and 

10 distributed into 96-well culture dishes. Serial twofold dilutions of inhibitor were 
added to the wells, and cultures were continued for 3 additional days. At 4 days 
postinfection, 100% of the cells in control cultures were infected. HTV-l p24 
accumulation was directf y correlated with vims spread. The cell culture inhibitory 
concentration was defined as the inhibitor concentration in nanomoles/liter which 

15 reduced the spread of infection by at least 95%, or CIC95. The compounds of the 

invention prepared in Examples 1-114 exhibited CIC95 values in the range of from 
less than about 8 to about 50 nM against the wild-type viral construct. The CIC95 of 
indinavir against the wild-type viral construct is from 50 to 100 nM. The compounds 
of the invention prepared in Examples 1-1 14 exhibited CIC95 values in the range of 
20 about 8 to about 125 nM against the viral constructs Q60, K-60, and V-18. These 
CIC95 values range from about 4-fold to more than about 100-fold more potent than 
the values of greater than 1000 nM obtained for indinavir against these same viral 
constructs. 



25 

EXAMPLE 119 

Inhibition of Virus Spread 

A. Preparation of HIV-infected MT-4 cell Suspension 

30 MT cells are infected at Day 0 at a concentration of 250,000 per ml 

with a 1:1000 dilution of HIV-1 strain mb stock (final 125 pg p24/ml; sufficient to 
yield <1% infected cells on day 1 and 25-100% on day 4). Cells are infected and 
grown in the following medium: RPMI 1640 (Whittaker BioProducts), 10% 
inactivated fetal bovine serum, 4 mM glutamine (Gibco Labs) and 1:100 Penicillin- 

35 Streptomycin (Gibco Labs). 
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The mixture is incubated overnight at 37°C in 5% CO2 atmosphere. 



B. Treatment with Inhibitors 

A matrix of nanomolar range concentrations of the pairwise 
5 combinations is prepared. At Day 1, aliquots of 125 ml of inhibitors are added to 
equal volumes of HIV-infected MT-4 cells (50,000 per well) in a 96-well microtiter 
cell culture plate. Incubation is continued for 3 days at 2n^C in 5% CO2 atmosphere. 

C. Measurement of Virus Spread 

10 Using a multichannel pipettor, the settled cells are resuspended and 

125 ml harvested into a separate microtiter plate. The supernatant is assayed for HIV 
p24 antigen. 

The concentration of HIV p24 antigen is measured by an enzyme 
immunoassay, described as follows. Aliquots of p24 antigen to be measured are 

15 added to microwells coated with a monoclonal antibody specific for HIV core antigen. 
The microwells are washed at this point, and at other appropriate steps that follow. 
Biotinylated HTV-specific antibody is then added, followed by conjugated 
streptavidin-horseradish peroxidase. A color reaction occurs from the added 
hydrogen peroxide and tetrameihylbenzidine substrate. Color intensity is proportional 

20 to the concentration of HIV p24 antigen. 

Calculation of Degree of Synergy 

When there is synergy, pairwise combinations of inhibitors are found 
to exhibit markedly enhanced inhibition of virus spread, in comparison to each 
25 inhibitor alone, or in comparison to merely additive inhibition of each inhibitor. 

The data is processed as follows: fractional inhibitory concentration 
ratios (FIC) are calculated according to Elion, et aL, 7. BioL Chem. 1954, 208: 477. 
The minimum sum of FICs, which is the maximum synergy, is determined for various 
pairwise combinations. The smaller the number, the greater the synergy. 

30 



EXAMPLE 120 

Preparation of 4-(tert-butyloxycarbonyl)-2(5)-((2,2,24rifluoroethyl)aminocarbonyl) 
piperazine 
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Step One: 



Preparation of the pvrazine amide 




TEA, DMF 



EDC-HCI 

HOBT 




CF3 



5 



Pyrazine 2-carboxylic acid (1204 g) was suspended in DMF (4.8 L, 4 



mL/g acid). 2,2,2-trifluoroethylaniine«HCl (TFEA»HC1) (1200 g), 1- 
hydroxybenzotriazole (HOBT) (60 g) and triethylamine (TEA) (1410 mL) were then 
added sequentially (exotherm upon addition of TEA, flask cooled with ice bath and 
temperature kept below 35 °C). The reaction was cooled to 15 °C and l-(3- 

10 dimethylaniinopropyl)-3-ethylcarbodiimide«HCl (EDC»HC1) (1940 g) was added 
portionwise over 15-30 min. The reaction temperature was kept below 35 °C. When 
the reaction appeared complete (approx. two hours, <5% pyrazine 2-carboxylic acid 
by LC assay), the reaction mixture (yellow/white slurry) was diluted with 10% K2CO3 
in water (24 L, 20 mL/g acid) and the reaction slurry was kept below 35 "C. The 

1 5 slurry was cooled to 10 °C, aged for two hours and filtered (mother liquor assay=3- 
4mg/mL). The wet cake was washed with deionized water (12 L, 10 mL/g acid) and 
dried under vacuum (22" Hg) at 40 °C with a nitrogen purge. Theoretical yield of 
1816 g . Actual yield 1533 g (84%). 

'H NMR: (CD3CN, 400 MHz): 5 9.29(d, J=1.5 Hz, IH), 8.82 (d, J= 2.5 Hz, IH), 
20 8.63 (dd, J= 2.6,1.4 Hz. IH). 8.40 (bs, IH). 4.14 (dq, J=9.4. 6.8 Hz, 2H). 

HPLC Assay conditions: Waters Xterra RP8 column, elution with acetonitrile and 5 
mM K phosphate adjusted to pH= 8, detection at 220 nm. 

Step Two: Preparation of the piperazine amide 



25 
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Pyrazine amide (60.2 g 0.268 mol, not corrected for water content) was 
suspended in absolute ethanol (550 mL) in a 1.0 L autoclave hydrogenation vessel and 
cooled to 15 ''C. Wet 20% Pd(OH)2/C 11.0 g (20wt%, 50wt%wet) was added and 
5 reaction was purged with N2 three times. H2 (5 psig) was introduced with stirring and 
the temperature maintained at 15 °C for 60 minutes. The temperature was then 
increased to 60 °C and the hydrogen pressure increased to 40 psig and the reaction 
mixture stirred for 18 additional hours. The reaction was considered complete when 
conversion is >99% by LC assay. The reaction mixture was filtered through Solka- 

10 Floe and the catalyst solids were washed with ethanol 2X110 mL. Assay of the 

combined filtrate and washes gave 53.5 g of racemic piperazine amide (Yield = 86%) 
IH NMR (CD3CN, 400 MHz): 67.58 (bs. IH), 3.90 (dq, 1=9.5,6.7 Hz, 2H), 3.24(dd, 
J=7.9, 5.5 Hz, IH), 2.96 (dd, J= 12.1, 3.6 Hz, IH), 2.84-2,78 (m, IH), 2.77-2.67 (m, 
3H), 2.66-2.56 (m, IH), 1.90 (s, 2 H). 

15 HPLC Assay conditions: YMC Basic column, elution with acetonitrile and 0.1% 
aqueous H3PO4, detection at 210 nm. 



20 



Step Three: Resolution of the piperazine amide 




(S)-CSA NH • 2 (S)-CSA- HgO 



ACN:EtOH:H20 o=L 
26:2.9:1.1 NH 



CF 



3 



The pip amide ethanol filtrate (1 16.37 g containing 10.3 g of racemic 
pip amide by LC assay) was concentrated in vacuo to a final volume of 40.2 mL (3.9 
mL per gram of pip amide) and the slurry is diluted with 82.4 mL (8 mL per gram pip 
amide) of acetonitrile (ACN) and stirred until homogenous. Separately (5)- 
25 camphorsulfonic acid ( (5)-CSA) (19.26 g, MW= 232.30, 1.7 eq) was dissolved in 
185 mL of ACN (18 mL per gram of pip amide). The water content of the two 
solutions was then determined by Karl Fisher titration. The CSA solution was added 
to the pip amide solution giving a small exotherm to approx. 31-32 ^C. Water (1 1.02 
mL, 1.118 mL per gram of pip amide minus the total water content of the two 
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solutions) was then added, such that the acetonitrile:ethanol:water ratio was 26:2.9:1.1 
(v/v/v). Solids began to form after 15-30 min. The solution/slurry was heated to 72 
°C to completely dissolve all solids. The yellow solution was recooled to 62 "^C and 
seeded with a slurry of 10.3 mg of pip amide salt in 1 niL of acetonitrile. After a two 
5 hour age at 62 °C the slurry was allowed to cool to room temperature overnight 

(crystallization was complete when loss to mother liquors was < 21 mg pip amide/mL 
by LC assay. The slurry was filtered then washed with 2 x 30 mL of ACN:EtOH:H20 
[(26:2,9:1.1), (v:v:v)] solution. The wet cake (-13 g, white solid) was dried at 40 
in a vacuum oven (24 in Hg, nitrogen sweep) to give 1 1.16 g of product (yield = 
10 33%). Assay method (Pip Amide) as above. Chiral assay gives an enantiomeric 
excess (ee) of 98.0%. 

IH NMR (CD3OD, 400 MHz): d4.84(bs, 5H), 4.64 (dd, J=12.0, 3.6 Hz, IH). 4.13- 
3.94 (m, 3H), 3.77 (m, 2H), 3.66 (m, IH), 3.54-3.43 (m, 2H), 3.28(d, J= 14.7 Hz, 2H), 
2.82 (d, 14.7 Hz, 2H), 2.55 (m. 2H), 2.36 (m, 2H), 2.12-1.998 (m, 4H). 1.92 (d, 
15 J=18.4 Hz, 2H), 1.72 (m, 2H), 1.45 (m, 2H), 1.09 (s, 6H), 0.87 (s, 6H). 

Enantiomeric excess determined by chiral HPLC of the mono BOC piperazine amide. 
HPLC assay conditions: Chiral AGP column, elution with acetonitrile and 10 mM 
Kphospate, pH=6.5, detection at 210 nm. 

20 Step Four: Upgrade of ee of (5)-piperazine amide bis (SVCSA salt 

k^NH - 2 (S)-CSA- H2O ACN.EtOH(95%) k^NH - 2 (S)-CSA- HgO 
°^NH NH 

^CF3 CF3 
<98%ee >98%ee 



To a 12 L nask was charged (S)-pip amide salt (412.87 g) having an ee 
of less than 98%, 7.43 L of ACN and 825 mL of 190 proof EtOH. The slurry was 
25 heated to 75 "C, aged for 1 hr at 75 "C (during heating the slurry thickened 

considerably), then allowed to cool to 25 °C overnight. The slurry was filtered and 
washed with EtOH (190 proof):ACN (10:90) (2 x 800 mL, 2 mL/g). The white solid 
was dried in a vacuum oven at 24 in Hg, 40 °C with a nitrogen sweep to give 400 g of 
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product with an ee of 99%. Assays (normal and chiral) were performed as described 
above in the prior steps. 

Step Five: Procedure for (5)-Mono BQC piperazine amide: BOC Protection 

HN^ BOCN-^ 

k^NH -2 (S)-CSA. H,0 gtsN. IPAc. ACN V'^" 

0=i^ TBDC ^'^NH 

^NH 



Bis (5)-CSA piperazine amide salt (20 g) was suspended in a mixture 
of 1 13 mL of isopropyl acetate (IPAc) and 57 mL of acetonitrile. Triethylamine (8.26 
mL, 2 eq) was added and the mixture stirred until homogenous. A solution of di t- 
butyl dicarbonate (TBDC) (6.46 g, 1.0 eq) in a mixture of 20 mL isopropyl acetate 
and 10 mL of acetonitrile (ACN) was then added over 10 minutes. After aging for 
two hours the solution was assayed as necessary by LC (Pip Amide Assay, see above) 
until the reaction was complete (i.e., less than 5% starting material). When the 
reaction was complete, 100 mL of water and 13S mL of isopropyl acetate were added, 
the resulting layers were separated and the organic layer was concentrated to 28 mL. 
The residue was then diluted with 28 mL of isopropyl alcohol and reconcentrated to 
28 mL. This was repeated two additional times. The yield of BOC pip amide was 
87% with a mono:bis BOC ratio of 95:5, as determined by HPLC. 

NMR (CDCI3, 400MHz): 5=7.39 (app t, 7=6.3Hz, IH), 3.96 (dd, 7=3.5, 13.4Hz, 
IH), 3.88 (m, 2H), 3.67 (d, 7=1 1.5Hz, IH), 3.39 (dd, 7=3.8, 8.6Hz, IH), 3.13 (dd, 
7=8.6, 13.3Hz, IH), 3.02 (br, IH), 2.91 (m, IH), 2.77 (m, IH), 1.43 (s, 9H). 

*^C NMR (CDCI3, ) 5= 171.43, 154.41, 123,89 (q, J=78.5Hz), 80.16, 57.65, 43.63, 
45.6 (br), 44.0 (br), 40.20 (q, J=34.7Hz), 28.19. 

HPLC Assay conditions: YMC Basic column, elution with acetonitrile and 0.1% 
aqueous H3PO4, detection at 210 nm. 

While the foregoing specification teaches the principles of the present 
invention, with examples provided for the purpose of illustration, the practice of the 
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invention encompasses all of the usual variations, adaptations and/or modifications 
that come within the scope of the following claims. 
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WHAT IS CLAIMED IS: 

1 . A compound of formula: 



5 




wherein 

Rl is Ci-Cg alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C6 cycloalkyl, aryl, substituted 
10 aryl, heteroaryl, or substituted heteroaryl; wherein 

(i) each of the substituents on substituted aryl is independently 



(a) 


halogen, 


(b) 


cyano. 


(c) 


hydroxy. 


(d) 


C1-C6 alkyl. 


(e) 


C2-C6 alkenyl. 


(f) 


C2-C6 alkynyl. 


(g) 


fluorinated Ci-Cg alkyl. 


(h) 


Ci-Cg alkoxy. 


(i) 


fluorinated Ci-Cg alkoxy. 


0) 


S-(Ci-C6 alkyl). 


(k) 


heterocycle, or 


(1) 


heterocycle substituted with one or more substituents 



independently selected from halogen, cyano, hydroxy, Ci-Cg 
25 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, fluorinated C1-C6 alkyl, 

C1-C6 alkoxy, fluorinated C1-C6 alkoxy, S-(Ci-C6 alkyl), and 
NRaRb; 
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(ii) each of the substituents on substituted heteroaryl is 

independently 

(a) halogen, 

(b) cyano, 

5 (c) hydroxy, 

(d) NRaRb 

(e) Ci-C6alkyl, 

(f) C2'C6 alkenyl, 

(g) C2-C6 alkynyl, 

10 (h) fluorinated C1-C6 alkyl, 

(i) Ci-Cgalkoxy, 
(j) fluorinated C1-C6 alkoxy, 
(k) S-(Ci-C6 alkyl), 
(1) phenyl, 

15 (m) phenyl substituted with one or more substituents 

independently selected from halogen, cyano, hydroxy, C1-C6 
alkyl, alkenyl, C2-C6 alkynyl, fluorinated C1-C6 alkyl, 

C1-C6 alkoxy, fluorinated C1-C6 alkoxy, and S-(Ci-C6 alkyl), 
(I) heterocycle, or 

20 (m) heterocycle substituted with one or more substituents 

independently selected from halogen, cyano, hydroxy, C 1 -C6 
alkyl, C2-C6 alkenyl, C2-C6 alkynyl, fluorinated C1-C6 alkyl, 
C1-C6 alkoxy, fluorinated Ci-Ce alkoxy, S-(Ci-C6 alkyl), 
NRaRb, and a 5- or 6-membered heteroaromatic ring consisting 

25 of carbon atoms and from 1 to 3 heteroatoms selected from N, 

O and S; 

R2 and R3 are each independently hydrogen or C1-C4 alkyl; or R2 and R3 together 
with the carbon to which they are attached form C3-C6 cycloalkyl; 



30 



R4 is C1-C6 alkyl, C3-C6 cycloalkyl, aryl, substituted aryl, heteroaryl, or substituted 

heteroaryl; wherein each of the substituents on substituted aryl is independently 
halogen, hydroxy, C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, fluorinated C1-C6 
alkyl, C1-C6 alkoxy, or heteroaryl; and each of the substituents on substituted 
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heteroaryl is independently halogen, hydroxy, Ci-Cs alkyl, C2-C6 alkenyl. C2-C6 
aikynyl, fluorinated C1-C6 alkyl, C1-C6 alkoxy, or aryl; 

R5 is carbocyclic, substituted carbocyclic, heterocyclic or substituted heterocyclic, 
5 wherein each of the substituents on substituted carbocyclic or substituted heterocyclic 
is independently halogen, hydroxy, C1-C6 alkyl, C2-C6 alkenyl, C2-C6 aikynyl, 
fluorinated C1-C6 alkyl, or C1-C6 alkoxy; 

r6 is fluorinated C1-C6 alkyl; and 

10 

Ra and Rb are each independently hydrogen or C1-C4 alkyl; or Ra and Rb together 
with the nitrogen to which they are attached form C3-C6 azacycloalkyi; 

or a pharmaceutically acceptable salt thereof. 



Rl is Cj-Cg alkyl, C2-C6 alkenyl, C2-C6 aikynyl, C3-C6 cycloalkyl, aryl, substituted 
aryl, heteroaryl, or substituted heteroaryl; wherein 



15 



2. 



A compound according to claim 1, wherein 



30 



20 



25 



each of the substituents on substituted aryl is independently 

(a) halogen, 

(b) cyano, 

(c) hydroxy, 

(d) C1-C6 alkyl, 

(e) C2-C6 alkenyl, 

(f) C2-C6 aikynyl, 

(g) fluorinated C 1 -C6 alkyl, 

(h) C1-C6 alkoxy, 

(i) heterocycle, or 

(j) heterocycle substituted with one or more substituents 
independently selected from halogen, cyano, hydroxy, Ci-Cg 
alkyl, C2-C6 alkenyl. C2-C6 aikynyl, fluorinated Cl-Ce alkyl, 
C1-C6 alkoxy, and NRaRb; 
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(ii) each of the substituents on substituted heteroaryl is 

independently 

(a) halogen, 

(b) cyano, 

5 (c) hydroxy, 

(d) NRaRb, 

(e) C1-C6 alky], 

(f) C2-C6 alkenyl, 

(g) C2-C6 alkynyl, 

10 (h) fluorinated C 1 -Cg alkyl, 

(i) C1-C6 alkoxy, 
(j) phenyl. 

(k) phenyl substituted with one or more substituents 
independently selected from halogen, cyano. hydroxy, Ci-Cg 
15 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, fluorinated C1-C6 alkyl, 

andCi-C6 alkoxy, 
(1) heterocycle, or 

(m) heterocycle substituted with one or more substituents 
independently selected from halogen, cyano, hydroxy, Ci-Cg 
20 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, fluorinated Ci-Ce alkyl, 

C1-C6 alkoxy, and NRaRb; 

or a pharmaceutically acceptable salt thereof. 
25 3. The compound according to claim 1 , wherein 

R4 is C1-C6 alkyl, CyC^ cycloalkyl. phenyl, substituted phenyl, heteroaryl, or 
substituted heteroaryl, wherein heteroaryl is selected from pyridyl, pyrazinyl, 
pyrimidinyl, thiophenyl, thiazolyl, pyridofuranyl, pyrimidofuranyl, pyridothienyl, 
30 pyridazothienyl, pyridooxazolyl, pyridazooxazolyl, pyrimidooxazolyl, pyridothiazolyl, 
and pyridazothiazolyl; and wherein each of the substituents on substituted phenyl or 
substituted heteroaryl is independently halogen, hydroxy, C1-C6 alkyl, fluorinated 
C1-C6 alkyl, or C1-C6 alkoxy; 



35 or a pharmaceutically acceptable salt thereof, 
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each Z is independently hydrogen, halogen, cyano, C1-C6 alkyl, or Ci- C6 alkoxy; 
and 

5 q is an integer from 0 to 2; 

or a pharmaceutically acceptable salt thereof. 

5. The compound according to claim 1 , wherein 

R5 is carbocyclic, substituted carbocyclic, heterocyclic or substituted heterocyclic, 
wherein carbocyclic is cyclopentyl, indanyl, or tetralin, and heterocyclic is chroman, 
thiochroman, or dioxoisothiochroman; wherein each of the substituents on substituted 
carbocyclic or substituted heterocyclic is independently halogen, hydroxy, Ci-Cg 
alkyl, fluorinated Ci-Cg alkyl, orCi-Cg alkoxy; 

or a pharmaceutically acceptable salt thereof. 

6. The compound according to claim 5, wherein 
20 

r5 is 




25 wherein 

A is CRCRd 0,orS; 
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each Y is independently hydrogen, halogen, Ci-Cg alkyl, fluorinated C1-C6 alkyi, or 
C1-C6 alkoxy; 

Rc and Rd are each independently hydrogen or C1-C4 alkyl, or Rc and Rd together 
5 with the carbon to which they are attached from C3-C6 cycloalkyl; 

Re is hydrogen, C1-C4 alkyl, fluorinated C1-C4 alkyl, or phenyl; and 
p is an integer fix)m 0 to 2; 



10 



or a pharmaceutically acceptable salt thereof. 



7. 



The compound according to claim 6, wherein 



15 R5 is 



OH 



(Y)p 




O 



or a pharmaceutically acceptable salt thereof. 



20 



8. 



The compound according to claim 1, wherein 



R6is 




25 



\^ ^CHaCFg ^CFaCFa , 
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H3C CH3 H3C CH3 



H3C CH2F FH2C CH2F 
V^CH^F^or V^CH^F 



5 or a phannaceutically acceptable salt thereof. 



9. The compound according to claim 8, wherein 

R6is 

10 

\^CF3 . 



or a phannaceutically acceptable salt thereof. 



15 10. The compound according to claim 1 , wherein 

Rl is Cj-Cg alkyl, C3-C6 cycloalkyl, aryl, substituted aryl, heteroaryl, or substituted 
heteroaryl, wherein heteroaryl is (i) a 5- or 6-membered aromatic ring consisting of 
carbon atoms and from 1 to 3 heteroatoms selected from N, S, and O or (ii) an 8- to 
20 lO-membered bicyclic ring system consisting of carbon atoms and from I to 3 
heteroatoms selected from N, S, and O, wherein at least one of the rings in the 
bicyclic system is an aromatic ring; wherein 

(i) each of the subslituents on substituted aryl is independently 





(a) 


halogen, 


25 


(b) 


cyano. 




(c) 


hydroxy, 




(d) 


C1-C6 alkyl. 




(e) 


C2-C6 alkenyl. 




(f) 


C2-C6 alkynyl. 


30 


(g) 


fluorinated Ci-Cg alkyl. 
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(h) Ci-C6alkoxy, 

(i) fluorinated C1-C6 aJkoxy, 
0) S-(Ci-C6 alkyl), 

(k) heterocycle, or 
5 (1) heterocycle substituted with one or more substituents 

independently selected from halogen, cyano, hydroxy, C1-C6 
alkyl, C2-C6 alkenyl, C2-C6 alkynyl, fluorinated C1-C6 alkyl, 
Ci-C6 alkoxy, fluorinated C1-C6 alkoxy, S-(Ci-C6 alkyl), and 
NRaRb; 

10 



(ii) each of the substituents on substituted heteroaryl is 

independently 





(a) 


halogen. 




(b) 


cyano. 


15 


(c) 


hydroxy, 




(d) 


NRaRb, 




(e) 


C1-C6 alkyl. 




(0 


C2-C5 alkenyl, 




(g) 


C2-C6 alkynyl. 


20 


(h) 


fluorinated C1-C6 alkyl. 




(i) 


C1-C6 alkoxy. 




(j) 


fluorinated C1-C6 alkoxy. 




(k) 


S-(Ci-C6 alkyl). 




(1) 


phenyl. 


25 


(m) 


phenyl substituted with one or more substituents 



independently selected from halogen, cyano, hydroxy, Ci-Cg 
alkyl, C2-C6 alkenyl, C2-C6 alkynyl, fluorinated C1-C6 alkyl, 
C1-C6 alkoxy, fluorinated C1-C6 alkoxy, and S-(Ci-C6 alkyl), 
(1) heterocycle, or 
30 (m) heterocycle substituted with one or more substituents 

independently selected from halogen, cyano, hydroxy, C1-C6 
alkyl, C2-C6 alkenyl, C2-C6 alkynyl, fluorinated C1-C6 alkyl, 
C1-C6 alkoxy, fluorinated C1-C6 alkoxy, S-(Ci-C6 alkyl), 
NRaRb, and a 5- or 6-membered heteroaromatic ring consisting 
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5 



of carbon atoms and from 1 to 3 heteroaloms selected from N, 
OandS; 

or a pharmaceutically acceptable salt thereof. 

11. The compound according to claim 10, wherein 



Rl is Ci-Cg alkyl, Cj-Cg cycloalkyl, phenyl, substituted phenyl, heteroaryl, or 
substituted heteroaryl, wherein heteroaryl is pyridyl, methylenedioxyphenyl, furanyl, 
10 benzofuranyl, benzothiofuranyl, benzoxazolyl, benzothiazolyl, azabenzothiazolyl, 
azabenzoxazolyl, azabenzofuranyl, azabenzothiofuranyl. oxazolyl, thiazolyl, 
isoxazolyl, triazolyl. thiadiazolyl, oxadiazolyl, indazolyl, pyrrolyU pyrazolyl, 
thiophenyl, or thienothiophenyl; and wherein 

(i) each of the substituents on substituted phenyl is independently 
15 (a) halogen, 

(b) cyano, 

(c) hydroxy, 

(d) C1-C4 alkyl, 

(e) fluorinated C1-C4 alkyl, 
20 (f) Ci-C4alkoxy, 

(g) fluorinated C1-C4 alkoxy, 

(h) S.(Ci-C4 alkyl), 

(i) heterocycle which is a 5- or 6-membered unsaturated 
monocyclic ring consisting of carbon atoms and from 1 to 3 

25 heteroaloms selected from N, O and S, or 

(j) substituted heterocycle which is a 5- or 6-membered 
unsaturated monocyclic ring as defined in (i) substituted with 
one or more substituents independently selected from halogen, 
cyano, hydroxy, C1-C4 alkyl, fluorinated C1-C4 alkyl, C1-C4 

30 alkoxy, fluorinated C1-C4 alkoxy, S-(Ci-C4 alkyl) and 

NRaRb; and 

(ii) each of the substituents on substituted heteroaryl is 

independently 
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(a) halogen, 

(b) cyano, 

(c) hydroxy, 

(d) NRaRb, if and only if the heteroaryl is pyridyl, 
5 (e) C1-C4 alkyl, 

(f) f] uorinated C 1 -C4 alkyl, 

(g) Ci-C4alkoxy, 

(h) fluorinated C 1-C4 alkoxy, 

(i) S-(Ci-C4 alkyl), 
10 0) phenyl. 

(k) phenyl substituted with one or more substituents 
independently selected from halogen, cyano, hydroxy, C1-C4 
alkyl, fluorinated C1-C4 alkyl, C1-C4 alkoxy, fluorinated 
C1-C4 alkoxy, and S-(Ci-C4 alkyl), 

15 (1) heterocycle which is a 5- or 6-membered unsaturated 

monocyclic ring consisting of carbon atoms and from 1 to 3 
heteroatoms selected from N, O and S; 
(m) substituted heterocycle which is a 5- or 6-membered 
unsaturated monocyclic ring as defined in (1) substituted with 

20 one or more substituents independently selected from halogen» 

cyano, hydroxy, C1-C4 alkyl, fluorinated C1-C4 alkyl, C1-C4 
alkoxy. fluorinated C1-C4 alkoxy, S-(Ci-C4 alkyl), NRaRb 
thiazolyl, oxazolyl, imidazolyl, pyrazolyl, triazolyl, pyrrolyl, 
furanyl, thienyl, isoxazolyJ, and isothiazolyl; 



25 



or a pharmaceutically acceptable salt thereof. 



12. The compound according to claim 1 1 , wherein heterocycle in 
(i)(i) and in (ii)(l) are each independently 

30 
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and wherein 

substituted helerocycle in (i)(j) is heterocycle as defined above with one or more 
10 substituents independently selected from halogen, cyano, C1-C4 alkyl, fluorinated 
C1-C4 alkyl, C1-C4 alkoxy, fluorinated C1-C4 alkoxy, and S-(Ci-C4 alkyi); and 

substituted heterocycle in (ii)(m) is heterocycle as defined above with one or more 
substituents independently selected from halogen, hydroxy, cyano, C1-C4 alkyl, 
15 fluorinated C1-C4 alkyl, C1-C4 alkoxy, fluorinated C1-C4 alkoxy, S-(Ci-C4 alkyl), 
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NRaRb, thiazolyl. oxazolyl, imidazolyl, pyrazolyl, triazolyl, pyrrolyl, isoxazolyl, and 
isothiazolyl; oris 

R** or R ; 

5 or a phaimaceutically acceptable salt thereof. 

13. The compound according to claim 12, wherein 

Rl is 



15 
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5 each D is independently hydrogen, halogen, cyano. hydroxy, NRaRb, C1-C4 alkyi, 
C1-C4 alkoxy, fluorinated C1-C4 alkoxy, S-(Ci-C4 alkyl), phenyl, substituted phenyl, 

heterocycle, or substituted heterocycle; wherein substituted phenyl is phenyl with one 
or more subsituents independently selected from halogen, hydroxy, C1-C4 alkyl, and 
C1-C4 alkoxy; and wherein substituted heterocycle is heterocycle with one or more 
10 substituents independently selected from halogen, hydroxy, C1-C4 alkyl, C1-C4 
alkoxy, fluorinated C1-C4 alkoxy, and S-(Ci-C4 alkyl); 

each E is independently hydrogen, halogen, cyano, hydroxy, C1-C4 alkyl, C1-C4 
alkoxy, heterocycle, or substituted heterocycle; 

15 

G and G' are each independently selected from hydrogen, halogen, cyano, hydroxy, 
C1-C4 alkyl, fluorinated C1-C4 alkyl, and C1-C4 alkoxy; 



J is 




, heterocycle, or substituted heterocycle; 



each L is independently hydrogen, halogen, cyano, hydroxy, C1-C4 alkyl, fluorinated 
C1-C4 alkyl, or C1-C4 alkoxy; 

25 X is O or S; 

heterocycle in each of D, E and J is independently 
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5 




substituted hetcrocycle in each of E and J is independently heterocycle as defined 
above with one or more substituents independently selected from halogen, hydroxy, 
cyano, C1-C4 alkyl, fluorinated C1-C4 alkyl, C1-C4 alkoxy, fluorinated C1-C4 
10 alkoxy, S-(Ci-C4 alkyl), NRaRb, thiazolyl, oxazolyl, imidazolyl, pyrazolyl, triazolyl, 
pyrrolyl, isoxazolyl, and isothiazolyl; or is 

R*^ or R^ ;and 

s, s\ and t are each independently integers from 0 to 2; 

15 

or a pharmaceutically acceptable salt thereof. 
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14. The compound according to claim 13, wherein 



R6 i 



IS 



X^CHaCFa . V^CFgCFg , 
H3C CH3 "aO^CHa 



10 



HaQ^CHaF FH2C cHgF 



or a pharmaceutically acceptable salt thereof. 



IS. The compound according to claim 14, wherein 



15 



R4 



IS 



V 




.(Z)o 
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5 each Z is independently hydrogen, halogen, cyano, C1-C6 alkyl, or Ci- C6 alkoxy; 
and 

q is an integer from 0 to 2; 
10 or a pharmaceutically acceptable salt thereof. 

16. The compound according to claim IS, wheieih 

Rl is 



15 



R4is 



20 
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substituted heterocycle is heterocycle as defined above having one or more 
substituents independently selected from halogen, C1-C4 alkoxy, C1-C4 alkyl, 
fluorinated C1-C4 alkoxy, fluorinated C1-C4 alkyl, -S-CH3, -N(CH3)2, thiazolyl, and 
oxazolyl; 

5 

X is O or S; 

each Y is independently hydrogen, halogen, Ci-Cg alkyl, fluorinated C1-C6 alkyl, or 
C1-C4 alkoxy; and 

10 

p is an integer froni 0 to 2; 
or a pharmaceutically acceptable salt thereof. 
15 17. The compound according to claim 1 6, wherei n 

R2 and R3 are each independently hydrogen or methyl; 
each L is independently hydrogen, chlorine, or fluorine; 

20 

each Y is independently hydrogen, chlorine, or fluorine; and 

each of the substituents on substituted heterocycle is independently chlorine, fluorine, 
methoxy, ethoxy, -OCF3, -OCHF2, methyl, ethyl, n-propyl, -S-CH3, -N(CH3)2, and 

25 thiazolyl; 

or a pharmaceutically acceptable salt thereof. 

18. The compound according to claim 16, wherein 

30 

Rl is 
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, or J 



R4 



IS 



V 




R5 



IS 




10 R6 is 



V 



J is 
(L)t- 



, heterocycle, or substituted heterocycle; 



15 heterocycle is 

T 





substituted heterocycle is heterocycle as defined above having one or more 
substituents independently selected from halogen, C1-C4 alkoxy, C1-C4 alkyi, 
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fluorinated C1-C4 alkoxy, fluorinated C1-C4 alkyl, -S-CH3. -N(CH3)2» thiazolyl, and 
oxazolyl; 

XisOorS; 

5 

each Y is independently hydrogen, halogen, C1-C6 alkyl, fluorinated C1-C6 alkyl, or 
C1-C4 alkoxy; and 

p is an integer from 0 to 2; 

10 

or a pharmaceutically acceptable salt thereof. 

19. The compound according to claim 1 8, wherein 
15 R2 and r3 are each independently hydrogen or methyl; 

each L is independently hydrogen, ch1onne» or fluorine; 
each Y is independently hydrogen, chlorine, or fluorine; and 

20 

each of the substituents on substituted heterocycle is independently chlorine, fluorine, 
methoxy, ethoxy, -OCF3, -OCHF2, methyl, ethyl, n-propyl, -S-CH3, -N(CH3)2, and 

thiazolyl; 

25 or a pharmaceutically acceptable salt thereof. 

20. The compound according to claim 1 , wherein the compound is 
selected from the group consisting of 

30 ((x/?,YS,2S)-Af-((35,4S}-3,4-dihydro-3-hydroxy-2//-l'benzopyran-4-yl)-4-(l^ 
furo[3,2-c]pyridin-2-yl-l-methylethyl)-Y-hydroxy-a-(phenylmethyl)-2-[[(2.2,2- 
trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 
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(a/?,Y5,2S)-A^-((35,45)-3,4-dihyciro-3-hydroxy-2//-l-benzopyran-4-yl)-2-[[(2- 

fluoroethyl)aniino]carbonyl]-4-(l-furo[3,2-c]pyridiii-2-yI-l-niethylethyl)-Y-hydK)xy- 

a-(phenylmethyl)-l-piperazinepentanainide; 

5 (a/?,Y5,25)-A^-((35,45)-3,4-dihydro-3-hydroxy-2H-l-benzofuran-4-yl)-2-[([2-fluoro- 
l,l-bis(fluoromethyl)ethyl]amjno]carbonyl]-4-(l-furo[3,2-c]pyridin-2-yl-l- 
methylethyl)-Y-hydroxy-a-(phenylmethyl)-l-pipera2inepentanamide; 

(a/?,Y5,25)-2-[([l,l-bis(fluoromethyI)ethy]]amino]carbonyl]-N-((35,4S)-3,4-dihydro- 
10 3-hydroxy-2//-l-benzopyran-4-yI)-4-(l-furo[3,2-c]pyridin-2-yl-l-methylethyl)-Y- 
hydroxy-a-CphenylmethyO-l-piperazinepentanamide; 

(aR,Y5,2S)-A^-((35,45)-3,4-dihydro-3-hydroxy-2H^-l-benzopyran-4-yl)-4-(l-furo[3,2- 
c]pyridin.2-yl- l-methylcthyl).Y-hydroxy-a-(phenylmethyl)-2-[[(3,3,3- 
15 trifluoropropyl)amino]carbonyl]-l-piperazinepentanainide; 

(a/?,Y5,2S)-yV-((35,45)-3,4-dihydro-3-hydroxy-2^f-l-benzopyran-4-yl)-4-(l-furo[3,2- 

c]pyridin-2-yl-i-methylethyl)-Y-hydroxy-2-[[(2,2,3,3,3-pentafluoropropyl)- 

inino]carbonyl]-a-(phenylmethyl)-l-piperazinepentanamide; 

20 

(a/?,YS,25)-W-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yI)-2-[[(2-nuoro- 

14-dimethylethyl)anuno]carbonyl]-4-(l-furo[3,2-c]pyridin-2-yl-l-methylethyl)-Y- 
hydroxy-a-(phenylinethyl)-l-piperazinepentanamide; 

25 (a/?.YS,25)-N-((15,2^)-l,2-dihydro-2-hydroxy-lH-inden-l-yl)-4.(l-furo[3,2- 
c]pyridin-2-yl-l-methylethyl)-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

(a/?,YS,25)-/V-((15,2/?)-l,2-dihydro-2-hydroxy-l/7-inden-l-yl)-2-[[(2- 
30 fluoroethyl)amino]carbonyI]-4-[l-furo[3,2-c]pyridin-2-yl-l-methylethyl)-Y-hydroxy- 
a-(phenylmethyl)-l-piperazinepentanainide; 
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((X/?,Y5.2S)-A^-((15,2/J)-l,2-dihydro-2-hydroxy-l//-inden-l-yl)^^^ 
c]pyridin-2-yl-l-methyIethyl)-Y-hydroxy-a-(phenylmethyl)-2-[[(3,3,3- 
trifluoropropyl)amino]carbonyl]- 1 -piperazinepentanamide; 

(a«,7S,2S)-A^-((lS,2i?)-l,2-dihydro-2-hydroxy.l//-inden-l-yl)-4-(l-fu 

c]pyridin-2-yl-l-methylethyl>Y-hydroxy-2-[[(2,23,33-pentafluoropropyl)amino]- 

carbonyl]-a-(phenylmethyl)-l-pipera2inepentanamide; 

(a/?,Y5,25H-(2-benzofuranylmethyl)-A^K(35,45)-3,4-dihydro-3-hyd^^^ 
ben20pyran-4-yl)-y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]- 
carbonyl]- 1 -piperazinepentanamide; 

(a/?,YS,25)-iV-((35,4S)-3,4-dihydro-3-hydroxy-2//- 1 -benzopyran-4-yl)-Y-hydroxy-a- 
(phenylmethyl)-4-[[5-(3-pyridinyl)-l-furanyI]methyl]-2-[[(2,2,2-trifluor^^ 
amino]carbonyl]- 1 -piperazinepentanamide; 

(a/?,Y5, 25)-A^-((35,4S)-3,4-dihydro-3-hydroxy-2//- 1 -benzopyran^-yI)-Y-hydroxy-a- 

(phenylmethyl)-4-(3-pyridinylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l- 

piperazinepentanamide; 

(a/?,Y5,25>7V-((35,45)-3,4-dihydro-3-hydroxy-2«-l-ben20pyran-4-yl)-Y-hydroxy-a- 

(phenylmethyl)-4-[[5-(3-pyridinyl)-l-furanyl]methyl]-2-[[(2,2,2-trifIuorM^^ 

amino]carbonyl]-l-piperazinepentanamide; 

(aif,YS,25>-/V-((3S,4S)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl>^^ 
(phenylmethyl)-4-[[5-(5-pyrimidinyl)-l-furanyl]methyl]-2-[[(2,2,2-trinuoroethyl)- 
aminojcarbonyl]- 1-piperazinepentanamide; 

(cx/f,Y5,25)-7V-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy- 

4-[(3-methyl-7-methoxy-4-benzofuranyl)methyl]-a-(3-pyridinyimethyI)-2-[[(2,2,2- 

trifluoroethyl)aminolcarbonyl]-l-piperazinepentanamide; 
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(a/?,Y5,25)-A^-((3S,4S).3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-^^ 
[(7-methoxy-2-benzofuranyl)methyl]-a-(phenylmethyl)-2-[[(2,2,24rifluoroethyl)- 
aminojcarbonyl]- 1 -piperazinepentanamide; 

5 (a«,Y5,25)-A^K(3S,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-y])-Y-hydroxy 
(phenylmethyl)-4-[(l-phenyl-l//-pyrrol-3-yl)methyl]-2-[[(2,2,2-trifluoroethyl^ 
amino]carbonyl]- 1 -piperazinepentanamide; 

(a/?,Y5,2S)-A^-((35,4S)-3,4-dihydro-3-hydroxy-2/?-l-benzopyran-4-yl)-Y-hy^^ 
10 [(l-phenyl-l//-imidazol-4-y])niethyl]-a-(phenylmethyl)-2-[[(2,2,2-trifl 
amino]carbonyl]-l-piperazinepentanamide; 

((xR,Y5,25)-4-(2-benzofuranylmethyl^iV-((15.2/?)-l,2-dihydro- 
yl)-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2-trifluorocthyl)amino]carbonyi]-l- 
1 5 piperazinepentanamide; 

(cx/?,Y5,2S)-A^-((15,2/?)-l,2-dihydro-2-hydroxy-l//-inden-l-yl)-Y-hydroxy-a^ 

(phenylmethyl)-4-(3-pyridinylmethyl>2-[[(2,2,2-trifluoroethyl)anndno]carbonyl]-l- 

piperazinepentanamide; 

20 

(a/J,Y5,25)-A^-((3S,4S)-3,4-dihydro-3-hydroxy-2f/-l-benzopyran-4-yl) 
[(5-phenyl-2-furanyl)methyl]-a-(3-pyridinylmethyl)-2-[[(2,2,2-trifluoroethyl)- 
aminolcarbonyl]- i -piperazinepentanamide ; 

25 (a/?,Y5,2S)-4-(2-benzopyranylmethyl)-A^-((35,4S)-3,4-dihydro-3-hydroxy-2f/-^ 
benzopyran-4-yl)-Y-hydroxy-a-(3-pyridinylmethyl)-2-[[(2,2,2-trifluoroethyl)- 
amino]carbonyl]-l-piperaz]nepentanamide; 

(a/?,Y5,25)-iV-((35,45)-3,4-.dihydro-3-hydroxy-27/-l-benzopyran-4-yl)-Y-hydroxy-a- 
30 (3-pyridinylmethyl)-4-(thieno[2,3-fe]thien-2-ylmethyl)--2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 
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(aR,Y5,25H-[(2,6-difluorophenyl)methyl]-A^-((35,45)-3,4-dihydr^ 
benzopyran-4-yl)-Y-hydroxy-a-(3-pyridinylmethyl)-2-([(2,2,2-trifluoroethyl)- 
aminojcarbonyl]- 1 -piperazinepentanamide; 

5 (a/?,Y5,25)-A^-((35,45)-3,4-dihydro-3-hydroxy-2f?- 1 -benzopyran-4-yl)-Y-hydroxy-a- 
(3-pyridinylmethyl)^-(thieno[3,2-b]thien-2-ylmethyl)-2-[[(2,2,2-tri^ 
amino]carbonyl]-l-piperazinepentanamide; 

(a/?,Y5.2S)-N-((35,45)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl>Y-h 
10 4-[(7-methoxy-2-benzofuranyl)niethyl]-a-(3-pyridinylmethyl)-2-[[(2,2.2- 
trifluoroethyl)amino]carbonyl]-l-piperazinepentaTi amide; 

(a/?,Y5,25)-iV-((35,45)-3 ,4-dihydro-3-hydroxy-2//- 1 -benzopyran-4-yl)-Y-hydroxy-a- 
(3-pyridinylmethyl)-4-[[5-(2-thienyl)-2-furanyl]TnethyI]-2-[[(2,2,2-trinuoro^ 
amino]carbonyI]- 1 -piperazinepentanamide; 

(a/?,Y5,25)-A^-((35,45)-3 ,4-dihydro-3-hydroxy-2«- 1 -benzopyran-4-yl)-Y-hydroxy-4- 
[(l-phenyI4//-pyrrolO-yl)methyl]-a-(3-pyridinylniethyl)-2-([(2,2,2-tri 
aTnino]carbonyl]-l-piperazinepentanamide; 

(a/?,Y5,25)-^^((35,45)-3,4-dihyd^o-3-hyd^oxy-2//-l-benzopyran-4-yl)-Y-^ 
phenyl-l//-imidazoI-4-yl)methyl]-a-(3-pyridinylmethyl)-2-[[(2,2,2-trifl 
aniino]carbonyl]-l-piperazinepentanamide; 

(cx/f,YS,25)-//-((35,45)-3 ,4-dihydro-3-hydroxy-2f/- 1 -benzopyran-4-yl)-Y-hydroxy- 
4-[[5-(5-niethyl-2-thienyl)-2-furanyl]methyl]-a-(3-pyridinylmethyl)-2-[[(2,2,2- 
trifluoroethyl)ainino]carbonyl]-l-piperazinepentanamide; 

(aR,Y5,2S)-N-((35,4S)-3,4-dihydro-3-hydroxy-2i/-l--benzopyran-4-yl>Y'hydroxy-4- 
[(5-phenyl-2-furanyl)methyl]-a-(4-pyridinylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]- 
carbonyl]-l-piperazinepen tan amide; 
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(aR,Y5,25)-4-(2-benzofuranylmethyl)-A^-((35,45)-3,4^^^ 
benzopyran-4-yl)-Y-hydroxy-a-(4-pyridinylmethyl)-2-[[(2,2,2-trifluoroethyl)- 
aminojcarbonyl]- 1 -piperazinepentanamide; 

5 (a/?,Y5,25)-N-((35,45)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl)-Y-hydroxy^ 
[l-methyl-l-[5K4-pyridinyI)-2-furanyI]ethyl]-a-(phenylrnelhyl)-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

(a/?,Y5,2S)-A^-((35,45)-3,4-dihydro-3-hydroxy-2//-^l-benzopyran-4-yl)-Y-hydroxy-^ 
10 (phenylmethyl)-4-[l-[5-(4-pyridinyl)-l-furanyl]ethy]]-2-[[(2,2,2-trifluoro^^ 
amino]carbonyl]-i-piperazinepentanainide; 

(aR,Y5,25)-7V-((3S,4S)-3,4-dihydroO-hydroxy-2H-l-benzopyran-4-yl)-^^^ 
(phenylmethyl)-4-[145-(4-pyridinyl)-l-furanyl]ethyl]-2-[[(2,2,2-trifluoroet^ 
15 amino]carbonyI]-l-piperazinepentanamide; 

(a/?,Y5,25)-A^-((35,4S)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-^^ 
[l-methyl-l-(l-phenyl-l//-pyrazol-3-yl)ethyl]-a-(3-pyridinylmethy])-2-[K^ 
trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 

20 

(cx/?,Y5,2S)-A^-((35,45)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl)-Y-hydro^ 

[l-niethyl-i-(3-phenyl-5-isoxa2olyl)ethyl]-a-(3-pyridinylmethyl)-2-[[(2,2,2- 

trifIuoroethyI)amtno]carbonyl]-i-piperazinepentanamide; 

25 (a/?,Y5,25)-A^-((35,45)r3.4-dihydro-3-hydroxy-2W-l-benzopyran-4^ 

[l-niethyl-lK3-phenyl-5-isoxazolyl)ethyl]l-a-(phenylmethyl>2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 

(aR,Y5,25)-4-[(7-chlorobenzofuran-2-yl)methyl]-A^-((35,45)-3,4-dihydro--3-hydroxy- 
30 2i/-l-benzopyran-4-yl)-Y-hydroxy-a-(3-pyridinylmethyl)-2-[[(2,2,2-trifluoroethyl)- 
amino]carbonyl ]- 1 -piperazinepen tanami de ; 

(a/?,Y5,25)-iV-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)^-(^ 
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furo[3,2<]pyridin-2-yI-l-methylethyl)-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2. 
difluoroethyl)amino]carbonyI]-l-pipera2inepentanamide; 

(a/?,Y5.25)-^-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-y])-Y-hydro^ 
5 (phenylmethyl)-4-[[5-(2-thiazolyl)0-pyridinyIlmethyl]-2-[[(2,2,2-trifluoro^^ 
amino]carbonyl]-l-pipera2inepentananiide; 

(a/?,Y5,25)-/V-((35,45)-3,4-dihydro-3-hydroxy-2f/-l-ben20pyran-4-yl)-Y-hydroxy-4- 
[[5-(2-oxazolyl)-3-pyridinyl]methyl]-a-(phenylmethyl)-2-[[(2,2,2-trifluoroethyl^ 
amino]carbonyl] - 1 -piperazinepentanamide; 

(a/f,Y5,2S)-iV-((35,45)-3,4-dihydro-3-hydroxy-2//- 1 -benzopyran-4-yl)-Y-hydroxy-a- 
(phenylmethyl)-4-[I5-(4-thiazolyl)0-pyridinyI]methyl]-2-[[(2,2,2-trifl 
aminojcarbonyl]- l-piperazinepentananiide; 

(a/?,Y5,25)-A^-((3S,4S)-3 ,4-dihydro-3-hydroxy-2H- 1 -benzopyran-4-yl)-Y-hydroxy-a- 
(pheny1methyl)-4-[[5-(2-thiazolyl)-2-furanyl]methyI]"2-[[(2.2,2'trifluoroe^^^^ 
amino]carbonyl]-l-piperazinepentanamide; 

((x/?.Y5,25)-4-[[5<5<hloro-3-pyridinyl)-2-furanyl]methyl]-Ar-((^ 
hydroxy-2/f-l-benzopyran-4-yl)-Y-hydroxy-a-(phenylinethyl)-2-[[(2.2,2- 
trifluoroethyl)aininolcarbonyl]-l-piperazinepentanainide; 

(aJ?,Y5,2S)-A^-((35,45)-3,4-dihydro-3-hydroxy-2//4-benzopyran-4-yl)-Y-hydro 
[(5-phenyl-2-furanyl)methyl]-a-(phenylmethyl)-2-[[(2,2,2-trifluoroethyl)am^ 
carbonyl]- l-piperazinepentanamide; 

(a/?,Y5,25)-4-[(4<hloro-5-phenyI-2-furanyl)methyl]-N-((35,45)-3,4^^^ 
hydroxy-2H-l-benzopyran-4-yl)-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2- 
trifluoroelhyl)amino]carbonyl]- 1 -piperazinepenlanamide; 

(a/f,Y5.25)-N-((35,4S)-3,4-dihydro-3-hydroxy-2i/-l-benzopyran-4-yl)-Y-hy^^^ 
(phenylmethyl)-4-[[5-(2-pyridinyl>2-furanyl]methyl]-2-[[(2,2,2-trifIuoroeth 
ainino]carbonyl]-l-piperazinepentanainide; 
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(a/?,Y5,25)-4-[[5-(5-chloro-2-pyridinyl)-2-furanyl]methyl]-iV-((35,45)-3,4-* 
hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-a-(phenylmethy])-2-[[(2,2,2- 
trifluoroethyl)amino]carboiiyl]- 1 -piperazinepentanamide; 

5 

((x/?,Y5,25)-Ar-((35,45)-3,4-dihydro-3-hydroxy-2//->l-benzopyran-4-yl)-Y-hydroxy-4^ 
[[5-(2-methyl-4-pyridinyl)-2>furanyl]methyl]-a-(phenylmethyl)-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]-l-piperazinepentan amide; 

10 (a/?,Y5,25)-Ar-((35,45)-3,4-dihydro-3-hydroxy-2//.l-benzopyran-4-^^ 

4-pyridinyl)-2-furanyl]methyl]-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2-trifluoroeth 
amino]carbonyl]-l -piperazinepentanamide; 

(a/?,Y5,25)-A^-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hyd^^ 
1 5 [[5-(5-oxazolyl)-2-f uranyllmethyl]-a-(phenyImethyl)-2-[ [(2,2,2-trifIuoroethyl)- 
amino]carbonyl]-l-piperazinepentanamide; 

(cx/J,YS,25)-//-((35,45)-3,4-dihydro-3-hydroxy-2/f-l-benzopyran-4-yl)-Y-hydroxy-^ 
(plienylmethyl)-4-[[l-(4-pyridinyl)-l//-pyrrol-3-yl]methyl]-2-[[(2,2,2-trifluoro^^ 
20 amino]carbonyl]-l-piperazinepentanamide; 

(a/?,Y5,25)-A^((35,45)-3,4-dihydro-3-hydroxy.2ff-l-benzopyran-4-ylH^ 
(phenylmethyl)-4-I[l-(3-pyridinyl)-lH-pyiToI-3-yl]methyl]-2-[[(2,2,24rinuoro^^ 
aniino]caifoonyl]- 1 -piperazinepentanamide; 

25 

(a/?,Y5,25)-Ar-((35,45)-3,4-dihydro-3-hydroxy-2ff-l-benzopyran-4-yI)-Y-hydroxy-^^ 

(phenylmethyl)-4-[[5-(4-pyridazinyl)-2-furanyl]methyil-2-[[(2,2.2-trifluoroethyl)- 

amino]carbonyl]-l-piperazinepentanamide; 

30 (a/?,YS,25)-7V-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydrox^^^ 
[l-methyl-l-[3-methyl-5-(4-pyridinyl)-2-furanyl]ethyl]-a-(phenyImethyl)-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 
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(cx/?,YS,25)-A^-((3S,4S)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydrox^^ 
(phenylmethyl)-4-[[5-(2-pyrazinyl)-2-furanyl]methyl]-2-[[(2,2,24rifluor^^^ 
ainino]carbonyl]- 1 -piperazinepentanamide; 

5 (a/?,Y5,25)-//-((3S,45)-3,4-dihydro-3--hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-4- 
[[5Kl-methyl-lH-pyrazol-4-yl>3-pyridinyl]methyl]-a-(phenylmethyl^ 
trifluoroethyl)amino]carbonyl]-l-piperazinepentanaTnide; 

(cx/?,y5.25)- //-((35,45)0,4-dihydro-3-hydroxy-2f/- l-benzopyran-4-yl)-Y-h 
(phenylmcthyl)-4-[[5-(2-thienyl)-3-pyridinyllmethyl]-2-[[(2,2,2-trifluoiw^ 
carbonyI]-l-piperazinepentanamide; 

(aR,Y5,25)-A^-((35,4S)-3,4-dihydn>3-hydroxy-2H- 1 -beTizopyran-4-yl)-Y-^ 
(phenylmethyl)-4-[[5-(3-thienyl)-3-pyridinyl]niethyl]-2-([(2,2,2-trifluorTO^^ 
aminojcarbonyl]- I-piperazinepentanamide; 

(aRj5,25)-A^-((3S,45)-3,4-dihydrc>-3-hydroxy-2ff-i-benzopyran-4-yl)-Y-hydroxy-a^ 
(phenylmethyl)-4-[[5-(4-pyrimidinyl)-2-furanyl]methyll-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 

(cx/^,YS,2S)-4-[(7<hlorofu^o[3.2H:]pyridin-2-yl)methyI]-^^^ 
hydroxy-2H-l-benzopyran-4-yl)-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]-l-piperazinepentananiide; 

(<xR,Y5,25)-A^-((35,45)-3,4-dihydro-3-hydroxy-2J74-benzopyran-4-yl)-Y-^^ 
(phenylmethyl)-4-[[5-(3-pyridinyl)-2-oxazolyl]methyl]-2-[[(2.2,2- 
trifluoroethyl)amino]carbonyl]- 1 -piperazinepentananiide; 

((x/?,Y5,2S)-iV-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-a- 
(phenylmethyl)-4-[[5-(2-pyridinyl)-2-oxazolyl]methyl]-2-[[(2,2,2-trifluorM^^ 
amino]carbonyl]-l-piperazinepentanamide; 

(a/?,Y5,2S)-Ar-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hy*^ 
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a-(phenylmethyl)-4-[l-methyl-l-[5-(2-pyridinyl>2-oxa2olyl]ethyl]-2-[[(2,^ 
trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

(a/?,Y5,25)-iV-((35,45)-3,4-dihydro-3-hydroxy-2W- 1 -benzopyran 
5 [l-methyl-l-[5K3-pyridinyl)-2-oxa2oly!]ethyl]-a^(phenylmethyl)-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

(a/?,Y5,25)-A^-((35,45)-3,4-dihydro-3-hydroxy-2f/-l-ben2opyran-4-yl)-Y-hydroxy-4- 
I(5-phenyl-2-furanyl)methyl]-a-(5-pyrimidinylmethyl)-2-[[(2,2,2-trifluoroeth^^ 
10 aminojcarbonyl]- 1 -piperazinepentanamidc; 

(a/f,Y5,25)-Ar-((35,45)-3,4-dihydiX)-3-hydroxy-2H-l-benzopyran 

[(5-phenyl-2-furanyl)methyl]-a-(2-pyrazinylniethyl)-2-[[(2,2,2- 

trifluoFoethyl)amino]carbonyl]-l-piperazinepentananiide; 

15 

(a5,Y5,25)-A^-((35,45)-3,4-dihydro-3-hydroxy-2«-l-benzopyran-4-yl)-Y-hydroxy-^ 

[[5-(2-pyridinyl)-2-furanyl]methyl]-aK2-thienylmethyl)-2-[[(2,2,24rifluor^^ 

aminolcarbonyll-l-piperazinepentanamide; 

20 (a5',Y5.2S)-A^-((35,45)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yI)-Y-hy^^ 
[[5-(5-pyrimidinyl)-2-furanyl]inethyl]-a-(5-thienylmethyl)-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

(a5,Y5.2S)-A?-((3S,45)-3.4-dihydro-3-hydroxy-2H4-benzopymn-4-yl)-Y-h 
25 [[5-(2-pyridinyl)-2-furanyl]methyl]-a-(3-thienylmethyl)-2-[[(2,2,2-trifluoroeA 
ainino]carbonyl]-l-piperazinepeTitanainide; 

(a/?,Y5,25)-iV-((35,45)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl>Y-hydro^ 
[(5-phenyl-2-furanyl)methyl]-a-(2-pyridinylmethyl)-2-[[(2,2,2-trifluoroethyl)amino] 
30 carbonyl] - l-piperazinepentanamide; 

(a/?,Y'^,25)-iV-((15,2/?)-l,2-dihydro-2-hydroxy-l//-inden-l-yl)-Y-h 

(phenylmethyl)-4-[[5-(2-pyridinyl)-2-furanyllmethyl]-2-[[(2,2,2-trifluoroethyl) 

aniino]carbonyI]-l-piperazinepentanamide; 
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(a/?,Y5,25)-4-[[5-(5-chloro-2-pyridinyl)-2-furanyl]methyl]-A^-((15,2/?>l,2-dihyd^ 

hydroxy-l//-inden-l-yl)-Y-hydroxy-a-(phenyImethyl)-2-[[(2,2,2-trifluoroethyl)- 

amino]carbonyl]-l-piperazinepentanamide; 

5 

(a/e,Y5,25)-A^-((35,45)-3,4-dihydro-3-hydroxy-2iy-l-benzopyran-4-yl)-Y-hydroxy-4- 
[1 -methyl- l-[5-(5<h]oro-3-pyridinyl)-2-oxazolyl]ethyl]-aKphenylmethyl)-2-[[(^ 
trifluoroethyl)ainino]carbonyl]- 1 -piperazinepentanamide; 

10 (a/?,Y5,25)-A^-((3S,4S)-3,4-dihydro-3-hydroxy-2ff-l-benzopyran-4-y^ 

a-(phenylmethyI)-4-[l-methyl-l-[5-(5-chloro-2-pyridinyl)-2-oxazolyl]ethyl]-2- 
[[(2,2,2-trifluoroethy])ainino]carbonyI]- 1 -piperazinepentanamide; 

(a/f,Y5,25)-A^-((35,45)-3 ,4-dihydrc>-3-hydroxy-2//- 1 -benzopyran-4-yl)-Y-hydroxy-4- 
15 [(3-chloro-l-phenyl-lH-pyiTol-3-yl)melhyl]-a-(3-pyridinylmethyi)-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 

(a/?,Y5.25)-N-((35,45)-3,4-dihydrc>-3-hydroxy-2//-l-ben20pyran-4-yl)-Y-hydroxy-4^ 
[(4-chloro-l-phenyl-l^-pyrrol-3-yl)methyll-a-(3-pyridinylmethyl)-2-[[(2,2,2- 
20 trifIuoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 

(a/?,Y5,2S)-A^-((35.45>3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hy*^ 
[l-methyl-l-(l-phenyH//-triazoyl-4-yl)ethyl]-a-(3-phenylmethyl)-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 

25 

(a/?,Y5,25)-A^-((35.45)-3,4-dihydro-3-hydroxy-2^r-l-benzopyran-4-yl)-Y-hydroxy^^ 
[1 -methyl- 1 -(1 -phenyl-l//-triazoyl-4-yl)ethyl]-a-(3-pyridinylmethyl)-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 

30 (a/?,Y5,2S)-A^-(45-3,4-dihydro-lH-2,2-dioxobenzothiopyranyl)-Y-hydroxy-a- 
(phenylmethyl)-4-[(5-(5-pyrimidinyl)-l-furanyl]methyl]-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 
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(a/?,Y5,25)-A^-(45-3,4-dihydro-lH-2,2-dioxobenzothiopyranyl)-Y-hydro^ 

(phenylmethyl)-4-[[5-(2-pyridinyl)-2-furanyI]methyl]-2-[[(2,2,2-tri 

amino]carbonyl]-l-pjperazinepenlanamide; 

5 (a/?,Y'^,25)-A/'-((35.45)-3,4-dihydro-3-hydroxy-2f/-l-benzopyran-4-yi)-Y-hydroxy^^ 
(l-methyl-l-[5-(2-methyl-4-pyridinyl)-2-furanyl]ethyl]-a-(phenylmethyl> 
trifluoroethyl)ainino]carbonyl]- 1 -piperazinepentanamide; 

and pharmaceutically acceptable salts thereof, 

10 

2L The compound according to claim 1, wherein the compound is 
selected from the group consisting of 

(0tR,Y5,25)-A^-[(35,45)O,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yll-Y-hydrox 
15 [l-[5-(5-methoxy-3-pyridinyl)-2-oxazolyl]-l-methylethyI]-a-(phenylmethyl)-2- 
[ [(2,2,2-trifIuoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 

(a/?,Y5,25)-iV-[(35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-4-[l-[5-(5- 
methyl-3-pyridinyl)-2-oxazoIyl]-l-methylethyl]-Y-hydroxy-a-(phenyImethyl)-2- 
20 [[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

(0tR,YS,25)-iV-[(3S,45)-3,4-dihydro-3-hydroxy-2H.l-benzopyra^ 

hydroxy-3-pyridinyl)-2-6xazolyi]-l-methylethyl]-Y-hydroxy-a-(phenylmethyl)-2- 

[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

25 

(a/?,Y5,25)-4-[l-[5-[5-(difluoromethoxy)-3-pyridinyl]-2-oxaz61yl]-l-methylethyn 
[(35,45)-3,4-dihydro-3-hydroxy"2//-l-benzopyran-4-yl]-Y-hydroxy-a'-(phenylmethyl)- 
2-[[(2,2,2-trifluoroethyl)amino]carbonyl] -1 -piperazinepentanamide; 

30 (a/?,YS,25)-4- [ 1 -[5- [5-(di fluoromethyl)-3-pyridinyl ]-2-oxazolyl] - 1 -methy lethyl]-//- 
[(35,4S)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-Y-hydroxy-a-(phenylmethyl)- 
2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l'piperazinepentanamide; 
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((X/?,Y5,25)-A^-.[(3S,45)-3Adihydro-3-hydroxy-2/:/-l"benzopyran-4-yl]-4-[l-[ 
fluorophenyl)-2-oxa2oly]]-l-methylethyl]-Y-hydroxy-a-(phenylTnethyl)-2-([(2.2,2- 
lrifluoroethyl)amino]carbonyl]- 1 -piperazine-pentanamide; 

5 (a/?,Y5,25)-A^-[(35,45)-3,4-dihydro-3-hydroxy-2H-l-benzopyran.4-yl]-^ 

fluorophenyl)-2-oxazolyl]-l-methylethyl]-y-hydroxy-a-(phenylnnethyl)-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 

(a/?,YS,25)-iV-[(3S,45)-3,4-dihydro-3-hydroxy-2//-l-benzop^^^ 
10 fluorophenyl)-2-oxazolyl]-l-methylethyl]-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]-l-piperazinepentanainide; 

(a/?,Y5»25)-A^-[(3S,4S)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-.yl]-Y-hydr^ 
[l-[5-(5-ethoxy-3-pyridinyl)-2-oxazolyI]-l-methylethyl]-a-(phenylmethyl^ 
15 trifluoroethyl)amino]carbonyl]-l-piperazinepentaiiamide; 

(a/?j5,25)-A^-[(35.45)-3,4-dihydro-3-hydroxy-2f/-l-benzopyran-4-yl]-Y-hydroxy-4- 

[l-[5K5-fluon>0-pyridinyl)-2-oxazolyl]-l-methylethyl]-a-(phenylmethyI)-2-[^ 

trifIuoroethy])amino]carbonyl]-l-piperazinepentanamide; 

20 

(a/?,Y5,25)-Ar-[(35,45)-3,4-dihydroO-hydroxy-2fl^-l-benzopyran-4-y^ 
[l-[5-(5-ethyl -3-pyridinyl)-2-oxazolyl]-l-methylethyll-a-(phenylmethyI>2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

25 ((xi?,Y'5,25)-iV-[(35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-Y-hy±^ 
[l-methyl-l-[5-(5-propyl-3-pyridinyl)-2-oxazolyl]ethyl]-a-(phenylmethy^ 
trifluoroethyl)amino]carbonyl]-l-piperazinepeTitanamide; 

(a/?,Y5,25)-A^-[(3S,4S)-3.4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-Y^ 
30 [l-methyl-l-[4-methyl-5-(3-pyridinyl>2-oxazolyl]ethyl]-a-(phenylmethyl)-2-[[(2,2.^ 
trifluoroethyl)aniino]carbonyl]-l-piperazinepentanamide; 

(o/f ,Y5,25)-A^-[(35,45)-3,4-dihydroO-hydroxy-2//- 1 -benzopyran-4-yl]-Y-h^^^ 
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[l-[5-(5-methoxy-3-pyridinyl)-4-methyl-2-oxa2olyl]-l-methylelhyl]-a- 
(phenylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

((xR,y5,25)-N-[(35',4S)-3 ,4-dihydro-3-hydroxy-2/y- 1 -benzopyran-4-yl]-Y-hydroxy-4- 
5 [l-methyl-l-[5-[5Kmethylthio)-3-pyridinyl]-2-oxazoIyl]ethyl]-a-(phenylmethy 
[[(2,2.2-trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 

(cx/?,Y5,25)-A^-[(35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-Y-hydroxy-4- 
[l-[5-(5-dimethylaminoO-pyridinyl)-2-oxazolyl]-l-methylethyI]-a-(phenylmethyO^^ 
10 [[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

(a/?,Y5,2S)-4-[l-[3-(5-methoxy-3-pyridinyI)-5-isoxazoly]-l-methylefliyl]-^^ 
3,4-dihydro-3-hydroxy-2f/-l-benzopyran-4-yl]-Y-hydroxy-a-(phenylinethyl)-2- 
[ [(2,2,2-trifluoroethyl)aniino]carbonyl]- 1 -piperazinepentanamide; 

15 

(a/?j5,25H-[l-[2-(5-niethoxy-3-pyridinyl)-4-thia2olyl]-l-methylethyl]-N^ 

3,4-dihydro-3-hydroxy-2i/-l-benzopyran-4-yl]-Y-hydroxy-a-(phenylmethyl)-2- 

[[(2,2,2-trifluoroethyl)ainino]carbonyl]-l-piperazinepentanamide; 

20 (a/?,YS,25)-441-[2-(5-chlorO'3-pyridinyl)-4-thiazolyl]-l-nieth 

dihydro-3-hydroxy-2ir-l-benzopyran-4-yl]-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2- 
trifluoroethyl)aniino]cart)onyl]-l-piperazinepentananiide; 

(a/Jj5,25)-4-[l-[2-(3-pyridinyl)-44hiazolyl]'l-methylethyl]-A^^ 
25 3-hydroxy-2/f-l-benzopyran-4-yl]-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2- 
trifluoroethyl)ainino]carbonyl]-l-piperazinepentanamide; 

(a/?,Y5,25)-N-[(35.45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-Y-hydro 
[l-[l-(5-niethoxy-3-pyridinyl)-l//-pyrazol-3-yl]-l-methylethyl]'a-(phenylmethyl)-^^ 
30 [[(2,2,2-trifluoroethyl)amino]carbonyl]-l-pipera2inepentanamide; 

(a/?,Y5,2S)-A^-[(35,4S)-3,4Kiihydro-3-hydroxy-2/f-l-benzopyran-4-yl]-Y-hydroxy-4- 

[l-[l-(5-chloro-3-pyridinyl)-l^-pyrazol-3-yl]-l-methyIethyl]-a-(phenylniethyl)-2- 

[[(2,2,2-trifluoroethyl)aniino]caibonyl]-l-piperazinepentananiide; 
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(a/?,Y5,25)-A/-[(35,4S)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-Y-hy 

[ 1 - [ I -(5-fl uoro-3-pyridinyl)- 1 //-pyra2ol-3-y 1] - 1 -methy let hyl] -a-(phenylmethyl)-2- 

[[(2,2,2-trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 

5 

(aR.Y5,25)-N-[(35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-Y'hydroxy^^ 
[l-[l-(3-pyridinyI)-m-pyrazol-3-yl]'l-methylethyl]-a-(phenylniethyO 
trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 

10 (aR,Y5.25)-4.[l-[5-phenyl-2-oxazolyl]-l.niethylethyl]-Ar-I(35,45)^^ 

hydroxy-2f/-l-benzopyran-4-yI]-a-(furo[2,3-c]pyridin-2-yImethyl)-Y-hydroxy-2- 
[[(2,2,2-trifluoroethyl)aniino]carbonyl]- 1 -piperazinepentanamide; 

(a/?,Y5,25)-4-[l-[5-(4-chlorophenyl)-2-oxazolyl]-l-methylethyl]-A^-[(35,^^ 
15 dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-a-(furo[2,3-c]pyridin-2-ylmethyl)-Y- 
hydroxy-2-[[(2,2,2-trifluoroethyl)aniino]carbonyl]-l-piperazinepentanamide; 

(a/?,Y5,25)-4-[l-[5-(4-fluorophenyl).2-oxazolyl]-l-methylethyl]-N-[(35,45^^ 
dihydro-3-hydroxy-2//-l-benzopyran-4-yI]-a-(furo[2,3-c]pyridin-2-ylmethyl)-Y- 
20 hydroxy-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 

(aR.Y5,25)-4.[l-[5-(4-chlorophenyl)-2-oxazolyl]-l-methylethyl]-iV^-[(35,4^^ 

dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-a-(furo[2,3-c]pyridin-3-ylmethyl)-Y- 

hydroxy-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

25 

(a/?,Y5,25)-4-[l-[5-(4-fluorophenyl)-2-oxazolyl]-l-methylethyl]-N-[(3 
dihydro-3-hydroxy-2//- 1 -benzopyran-4-yl]-a-(furo[2,3-c]pyridin-3-ylmethyl)-Y- 
hydroxy-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentan amide; 

30 (aRj5.25)-N-[(35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl]^ 

fluorophenyl)-2-oxazolyl]-l-methylethyl]-a-(furo[2,3-rf]pyrimidin-6-ylmethyl)-Y- 
hydroxy-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

and pharmaceutically acceptable salts thereof. 

35 
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22. The compound according to claim 1, wherein the compound is 
selected from the group consisting of 

(a/?,Y5,25)-NK(35,45)-3,4-dihydro-3-hydroxy-2//-l-benzop>Tan-4-yl)-4-(l- 
5 furo[3,2-c]pyridin-2-yl-l-methylethyl)-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

(a/?,Y5,25)'yV-((3S,4S)-3,4-dihydro-3-hydroxy-2f/-l-benzopyran-4-yl)-Y-hydroxy-4- 
[(5-phenyl-2-furanyl)methyl]-aK4-pyridinylmethyl)-2-[[(2,2,2-trifluoroethyl)amino]- 
10 carbonyl]-l-piperazinepentanamide; 

(a/?.Y5,25)-iV-((35.4S)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl>Y-hydroxy-4- 
[l-methyl-l-(l-phenyl-lff-pyrazol-3-yl)ethyl]-a-(3-pyridinylmeihyl)-2-[[(^ 
trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 

15 

(aR,Y5,2S)-iV-((35,45)-3,4-dihydro-3-hydroxy-2//-l-benzopyran-4-yl)-Y-hydroxy-a- 

(phenylmethyl)4-[[5K2-pyridinyl)-2-furanyl]methyll-2-[[(2,2,2-trifluoroethyI)- 

aminojcarbonyll-l-piperazinepentanamide; 

20 (aR,Y5,25)-4-[[5-(5-chlon>-2-pyridinyl)-2-furanyl]methyl]-A/^-((35,4S)-^ 
hydroxy-2ff-l-benzopyran-4-yl)-Y-hydroxy-a-(phenylmethyl)-2-[[(2,2.2- 
trifluoroethyl)amino]carbonyll- 1 -piperazinepentanamide; 

(a/J,Y5,2S)-A^K(35,45)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl)-Y-hydro 
25 [l-methyl-l-[5-(3-pyridinyI)-2-oxazolyl]ethyl]-a-(phenylmethyl)-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 

(cxR,Y5,2S)-N-[(3S,45)-3,4-dihydro-3-hydroxy--2//-l-benzopyran-4-yl]-Y-hydroxy-4- 
[l-[5-(5-methoxy-3-pyridinyl)-2-oxazDlyl]-l-methylethyl]-a-(phenylmethyl)-2- 
30 [[(2,2,2-trifluoroethyl)amino]carbonyl]-l -piperazinepentanamide; 

(a/?,Y5.2S)-A^-[(3S,45)-3,4-dihydro-3-hydroxy-2H-l-benzopyran-4-yl]-Y-hydroxy-4- 
[l-[5-(5-fluoro-3-pyridinyI)-2-oxazoIyl]-l-methylethyl]-a-(phenylmethyl)-2-[[(2,2,2- 
trifluoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 

35 
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(a/?,Y5,25)-A^-[(35,45)-3,4-dihydroO-hydroxy-2//-l-benzopyran-4-yI]-Y-hydroxy-4- 

[l-[l.(5.fluoro-3-pyridinyl)-lf/-pyrazol-3-yI]-l-methylethyl]-a-(phenylm 

[[(2,2,2-trifluoroethyI)amino]carbonyl]-l-piperazinepentanamide; 

5 ((x/?,Y5,25)-4-[l-[5-(4-chlorophenyl)-2-oxa2olyl]-l-methylethyl]-A^-[(3M^^^ 
dihydro-3-hydroxy-2//-l-benzopyran-4-yl]-a-(furo[2,3-c]pyridin-2-ylmethyl)-Y- 
hydroxy-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

(a/?.Y5,2S)-4-[l-I5K4-fluorophenyl)-2-oxa2olyl]-l-methylethyl]-//-[(35,^^^ 
10 dihydro-3-hydroxy-2//-l-benzopyran-4-yI]-a-(furo[2,3-c]pyridin-2-y!methyl)-Y- 
hydroxy-2-[[(2»2,2-trif1uoroethyl)amino]carbonyl]- 1 -piperazinepentanamide; 

(a/f,Y5,2S)-4-[l-[5-(4-chlorophenyI)-2-oxazolyl]-l-methylethyl]-A/-^ 
dihydro-3-hydroxy-2if-l-benzopyran-4-yl]-a-(furo[2,3-clpyridin-3-ylinethyI)-Y- 
15 hydroxy-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepenmnanii 

(cx/?,Y5,25)-4-[i.[5K4-f!uorophenyl)-2-oxazoIyl]-l-methyIethyi]-A^-[(3S,^^^^ 

dihydrc)-3-hydroxy-2//-l-benzopyian-4-yl]-a-(furo[2,3-c]pyridinO-ylmethyl)-Y- 

hydroxy-2-[[(2,2,2-trifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

20 

{aR,Y5.25)-A^-[(3MS)-3,4-dihydro-3-hydroxy-2/f-l-benzopyr^ 

fluorophenyI)-2-oxazolyl]-l-methylelhyl]-a-(furo[23-rf]pyriniidin-6-ylmethy 

hydroxy-2-[[(2,2,24rifluoroethyl)amino]carbonyl]-l-piperazinepentanamide; 

25 and pharmaceutical ly acceptable salts thereof. 

23. A pharmaceutical composition comprising a therapeutically 
effective amount of a compound according to claim 1 and a pharmaceutically 
acceptable carrier. 

30 • 

24. A pharmaceutical composition made by combining a 
therapeutically effective amount of a compound according to claim 1 and a 
phannaceutically acceptable carrier. 
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25. The pharmaceutical composition according to claim 23, 
wherein the composition further comprises a therapeutically effective amount of at 
least one HIV/AIDS treatment agent selected from the group consisting of HIV/AE)S 
antiviral agents, immunomodulators, and anti-infective agents. 

5 

26. The pharmaceutical composition according to claim 23, 
wherein the composition further comprises a therapeutically effective amount of at 
least one antiviral agent selected from the group consisting of non-nucleoside HTV 
reverse transcriptase inhibitors and nucleoside HTV reverse transcriptase inhibitors. 

10 

27. The pharmaceutical composition according to claim 26, further 
comprising a therapeutically effective amount of an additional HTV protease inhibitor. 

28. The pharmaceutical composition according to claim 23, further 
15 comprising a cytochrome P450 monooxygenase inhibitor in an amount effective to 

improve the pharmacokinetics of the compound. 

29. The pharmaceutical composition according to claim 28, 
wherein the cytochrome P450 inhibitor is selected from the group consisting of 

20 indinavir, ritonavir, and pharmaceutically acceptable salts thereof. 

30. A method of inhibiting HIV protease in a subject in need 
thereof which comprises administering to the subject a therapeutically effective 
amount of the compound according to claim L 

25 

31. A method of preventing or treating infection by HIV or of 
treating AIDS in a subject in need thereof which comprises administering to the 
subject a therapeutically effective amount of the compound according to claim 1. 

30 32. The method according to claim 31, wherein the compound is 

administered in combination with a therapeutically effective amount of at least one 
AIDS treatment agent selected from the group consisting of AIDS antiviral agents, 
immunomodulators, and anti-infective agents. 
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33. The method according to claim 3 1 , wherein the compound is 
administered in combination with a therapeutically effective amount of at least one 
antiviral agent selected from the group consisting of non-nucleoside HTV reverse 
transcriptase inhibitors, nucleoside HTV reverse transcriptase inhibitors, HTV integrase 

5 inhibitors, and CCR5 receptor antagonists. 

34. The method according to claim 3 1 , wherein the compound is 
administered in combination with a cytochrome P4S0 monooxygenase inhibitor in an 
amount effective to improve the pharmacokinetics of the compound. 

10 

35. The method according to claim 34, wherein the cytochrome 
P450 inhibitor is selected from the group consisting of indinavir, ritonavir, and 
pharmaceutically acceptable salts thereof. 

15 36. A process for preparing a nitrogen-protected piperazine 

carboxamide of Formula (I*): 




20 wherein the process comprises: 

(A) hydrogenating a pyrazine carboxamideof Formula (11*): 
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N' 



.R' 




N 



O^NH 



R" 



in a solvent to obtain the corresponding piperazine carboxamide of Formula (in*): 




NH 



O^NH 



R''^ (in*); 

5 

(B) resolving the S- carboxamide isomer of Compound EI* by: 
(bl) forming a solution comprising Compound HI*, a chiral 

acid, and solvent; 
(b2) crystallizing from the solution a salt which contains 
10 predominantly either the S- or R- isomer; 

(b3) if the precipitated salt crystals consist predominantly of 

the desired isomer, separating the salt crystals from the 

mother liquor; and 
(b4) if the mother liquor consists predominantly of the 
15 desired isomer, separating the salt crystals from the 

mother liquor and recovering the isomer from the 

mother liquor; and 

(C) breaking the separated crystalline salt of the 5-carboxamide 
20 isomer by treating the salt v^ith base, and treating the free 5-isomer with a nitrogen- 
protecting agent to obtain piperazine amide (I*); 
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wherein 

P is a nitrogen-protecting group; 

5 

r6A is hydrogen. C1-C6 alkyl or fluorinated C1-C6 alkyl; and 

each of RS, Rt and Ru is independently hydrogen, C1-C4 alkyl, -C(=0)Rw , 
-COORw, or -C(=0)NRWR2, where Rw and Rz are each independently hydrogen or 
10 C1-C4 alkyl. 

37. The process according to claim 36, wherein in Step (bl) the 
chiral acid is (S)-camphorsu]fonic acid and the solvent consists of acetonitrile, ethanol 
and water. 

15 

38. The process according to claim 36, wherein P is: 

(a) (C1-C4 alkyl)-oxycarbonyl, 

(b) (C3-C8 cycIoalkyO-oxycarbonyl, 

(c) benzyloxycarbonyl in which the benzyl is optionally substituted 
20 with 1 or 2 substituents independently selected from C1-C4 alkyl, -O-C1-C4 alkyl, 

and halo, 

(d) benzyl optionally substituted with 1 or 2 substituents 
independently selected from C1-C4 alkyl, -O-C1-C4 alkyl, and halo, 

(e) trihaloacetyl, or 

25 (f) tri-(Ci-C4 alkyl)silyl. 



39. The process according to claim 36, which further comprises 



(Z) reacting a pyrazine carboxylic acid of Formula (IV*): 



-528- 



wo 01/38332 



PCT/USOO/32089 




O OH (IV*) 



with R6A^fH2, or an acid salt thereof, in the presence of a coupling agent to obtain 
pyrazine carboxamide II*. 

5 

. 40. The process according to claim 39, wherein the coupling agent 
is dicyclohexylcarbodiimide, diisopropylcarbodiimide, EDC, N,N'- 
carbonyldiimidazole, POCI3, TiCl4, SO2CIF, or chlorosulfonyl isocyanate. 

10 41 . The process according to claim 52, which is a process for 

preparing a nitrogen-protected piperazine carboxamide of formula Al: 



NH 



H Al; 



IS wherein P is a nitrogen-protecting group and the process comprises: 

(A) hydrogenating a pyrazine carboxamide of formula A2: 




N CF3 
H A2, 

20 in a solvent and in the presence of a transition metal catalyst to obtain a piperazine 
carboxamide of formula A3 : 
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NH 



N XF3 



A3; 



5 



(B) 



resolving the 5-carboxamide isomer of Compound A3 by: 
(bl) forming a solution comprising Compound A3, 



(5)-camphorsulfonic acid, and solvent; and 
(b2) crystallizing from the solution a salt which contains 



predominantly the 5-isomer; and 



10 



(C) 



breaking the separated crystal salt of the 5-carboxamide isomer 



by treating the salt with base, and treating the resulting free base 5-isomer with a 
nitrogen-protecting agent to obtain piperazine carboxamide Al. 

42. The process according to claim 41, wherein in Step (bl) the 
15 (S)-camphorsulfonic acid is employed in an amount in the range of from about 1 .2 to 
about 2.0 equivalents per equivalent of A3, and the solvent consists of acetonitrile, 
ethanol and water in which the water constitutes from about 2 to about 7 weight 
percent of the solvent and the volume ratio of acetonitrile to water is in the range of 
from about 9:1 to about 6:4. 



20 



43. The process according to claim 61, which further comprises: 



(Z) reacting a pyrazine carboxylic acid of Formula A4: 





OH A4 



25 
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with CF3CH2NH2, or an acid salt thereof, in the presence of EDC and HOBT to 
obtain pyrazine carboxamide A2. 

44. The process according to claim 61, wherein in Step (bl) the 
5 (5)-caniphorsulfonic acid is employed in an amount in the range of from about 1.2 to 
about 2,0 equivalents per equivalent of A3, and the solvent consists of acetonitrile, 
ethanol, and water, in which the water constitutes from about 2 to about 7 weight 
percent of the solvent and the volume ratio of acetonitrile to ethanol is in the range of 
from about 9:1 to about 6:4. 



10 



45. A compound of formula (V*): 





(V*), 



15 wherein P is a nitrogen-protecting group. 



-531- 



INTERNATIONAL SEARCH REPORT 



Inte nal Application No 

PCT/US 00/32089 



A. CLASSinCATION OF SUBJECT MATTER , , , _ 

IPC 7 C07D491/048 C07D405/14 C07D405/06 C07D401/06 C07D495/04 

C07D405/12 C07D409/14 C07D413/14 C07D417/14 A61K31/495 
A61 P31/18 //(C07D491/048 . 307 : GO , 221 : 00 ) . (C07D495/04 , 333 : 00 , 

According to Internationa) Patani CJasafication (IPC) or to both national classi»catk?n and IPC 

B. RELPS SEARCHED 

Minimum documentation searched (classification system followed by dassificaiion symbols) 

IPC 7 C07D A61K 



Documantation searched other than minimum documentation to the extent that such documenis are included in the fields searched 



Electronic data base consulted during Ihe IniemationaJ search (name of data base and, where practical, searcli terms used) 

CHEM ABS Data 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy' 


Citation of document, wXh indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


wo 94 26717 A (MERCK & CO., INC.) 
24 November 1994 (1994-11-24) 
Claims 1-11 


1-19 


Y 


US 5 455 351 A (D. 0. KEHPF ET AL.) 
3 October 1995 (1995-10-03) 
claims 1-7 


1-45 


Y 


WO 95 16688 A (MERCK & CO. , INC.) 
22 June 1995 (1995-06-22) 
claims 1-13 


1-45 


Y 


WO 99 33795 A (VERTEX PHARMACEUTICALS 
INC.) 8 July 1999 (1999-07-08) 
claims 1-27 

""" -/- 


1-45 



m 



Further documents are fisted In the continuation of box C. 



ID 



Patent family members are listed in annex. 



* Special categories of dted documents : 

'A* document defining the general state of the art which is not 

considered to be of particular relevance 
*E* earlier document but published on or after the intemalionai 

filing date 

•L' document which may throw doubts on priority claim(8) or 
which is cited to establish the pubOcation date of another 
citation or other special reason (as specified) 

'(y document referring to an oral disdosure, use. exhibition or 
ottter means 

*P* document pubBshed prior to the intemalionai flKng date but 
later than the priority date claimed 



*T' later document published after the international filing date 
or priority date and not in conflict with the applicallon but 
died to understand the principle or theory underlying the 
invenlion 

*X* document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
involve an inventive stop when the document is taken alone 

*Y* document of particular relevance: the claimed invention 
c^not be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

'&* document member of the same patent family 



Date of the actual oompletton of the intematkmal search 

21 February 2001 


Date of mailing of the international search repon 

28/02/2001 


Name and nnaiUng address of the ISA 

European Patent Office, P.B. 5818 Paienilaan 2 
NL " 2280 HV RljswijK 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (-^31-70)340-3016 


Authorized ofltoer 

Herz, C 



Foim PCT/I&A/210 (sacondflheot) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



bitf 9nal Application No 

PCT/US 00/32089 



A. CLASSIFICATION OF SUBJECT MATTER 

-pC 7 333:00) 



According lo Inieniailonal Paleni aassilication (IPC) or to both national classlficailon and IPC 



B. RELDS SEARCHED 



Minimum documentation searched (classification system followed by dassitlcatlon symbols) 



Documentation searched other than minimum documentation lo the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terns used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with IndicaUon. where appropriate, of the relevant passages 



Relevant to daim No. 



wo 98 54178 A (MERCK & CO., INC.) 
3 December 1998 (1998-12-03) 
claims 1-25 



1-45 



□ 



Further documents are listed in the continuation of box C. 



Patent famQy members are listed in annex. 



» Spedal categories of died documents : 

•A' document defining the general stale of the art wWch is not 

considered lo be of particular relevance 
'E' earlier document but published on or after the international 

filing date 

•L' document which may throw doubts on priority daim(s) or 
which Is cited to establish the publication date of another 
dtation or other special reason (as specified) 

'O* document referring to an oral disdosure. use, exhibition or 
other means 

*P* document published prior to the iniematlonal filing date but 
later than the priority date claimed 



'T* later document published after the international filing date 
or priority date and not In conflict with the application but 
cited to understand the prindpla or theory underlying the 
invention 

*X' document of pailicular relevance: the claimed invention 
cannot tie considered novel or cannot be considered to 
involva an inventive step when the document is taken alone 

'Y' document of particular relevance: the datmed invention 

cannot be considered to involve an Inventive step when the 
document is combined with one or more other such docu- 
ments, such comblnalion being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the International search 



21 February 2001 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Palentlaan 2 
NL - 2280 HV RijswiJK 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (-^31-70) 340-3016 



Date of mailing of the international search report 



Authorized ofTicer 



Herz, C 



Forni PCT/ISA/210 (second sheet) (July 1©92) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

inrormatlon on patent family members 



Inte 



>nal Application No 

PCT/US 00/32089 



Patent document 
^dted in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


/ WO 9426717 A 


24-11-1994 


US 


5413999 


A 


09-05-1995 






AU 


676563 


B 


13-03-1997 


/ 




AU 


6669294 


A 


12-12-1994 




BG 


100114 


A 


30-04-1996 




BR 


9406576 


A 


30-01-1996 




CA 


2161334 


A 


24-11-1994 




CN 


1126469 


A 


10-07-1996 




CN 


1176250 


A 


18-03-1998 




C7 




A 


15-05-1996 




FP 


0696277 


A 


14-02-1996 




FI 

r X 


955315 


A 


06-11-1995 




HR 

nix 


940286 


A 


31-08-1996 




HU 


73135 


A 


28-06-1996 




JP 


8509980 


T 


22-10-1996 




MX 


9403380 


A 


31-01-1995 




NO 


954427 


A 


08-01-1996 




PL 


311635 


A 


04-03-1996 




SK 


136395 


A 


05-06-1996 




US 


5527799 


A 


18-06-1996 




US 


5668132 


A 


16-09-1997 




US 


5717097 


A 


10-02-1998 




ZA 


9403104 


A 


06-11-1995 



US 5455351 A 03-10-1995 ZA 9409259 A 08-09-1995 



WO 9516688 



22-06-1995 



WO 9933795 



08-07-1999 



AU 

AU 
BG 
BG 
BR 
BR 
CA 
CN 
CZ 
EP 
FI 
HU 
JP 
JP 
KR 
NZ 
PL 
RU 
SK 
US 
US 



692509 
1433195 
62093 B 
100643 A 
1100691 
9408305 
2178760 
1142827 A,B 
9601586 A 
0734387 
962488 
74681 



B 
A 



A 
A 
A 



A 
A 
A 

3000564 B 
9506619 T 
234863 B 
278201 A 
314984 
2137768 
75796 
5646148 
5807841 



A 
C 
A 
A 
A 



11- 06-1998 

03-07-1995 
26-02-1999 
28-02-1997 
08-08-2000 
26-08-1997 
22-06-1995 

12- 02-1997 

13- 11-1996 
02-10-1996 

14- 06-1996 
28-01-1997 
17-01-2000 
30-06-1997 

15- 12-1999 
26-01-1998 
30-09-1996 
20-09-1999 

07- 05-1997 

08- 07-1997 
15-09-1998 



AU 



2012199 A 



19-07-1999 



WO 9854178 A 03-12-1998 



Fomi PCT/ISAOIO IptUHImUf VHMxtCJiily IBSS) 



AU 


7595998 A 


30-12-1998 


BG 


103923 A 


30-06-2000 


BR 


9809498 A 


20-06-2000 


CN 


1257497 T 


21-06-2000 


EP 


0986554 A 


22-03-2000 


HR 


980283 A 


31-08-1999 


JP 


2000513747 T 


17-10-2000 


NO 


995822 A 


28-01-2000 


PL 


336847 A 


17-07-2000 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent f^riiily members 



Inte 'nal Application No 

PCT/US 00/32089 



Patent document 
cited in search report 



Publication 
date 



Patent family 
menr)ber(s) 



PubllcaNon 
date 



WO 9854178 



SK 
TR 
US 
ZA 



163299 A 
9902816 T 
6071916 A 
9804514 A 



11-07-2000 
21-02-2000 
06-06-2000 
30-11-1998 



Feim PCT/ISA/210 (pMm family aniin) pu^ IMS) 



page 2 of 2 



